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DESCRIPTION 

BACKGROUND OF THE INVENTION 

5 1 . Field of the invention 

The pi:esent inventicin r-:!latG'S to the field of 
bi'Dlcigy, moriE' precis':'ly to the field of animril 
t r anegenesi.s and sc'mati-:: ■jene' tdierapy and rnethoci.s useful 
th-E'rein. The invent; icin r.^l.itc^s to a method for 

10 rnociulating the ■:-apacity 'jf a marnrncal t ci pri:)'ju'::e 
n-r-'jt r a 1 1 z Ina antibodies aqainst ■::)ni;^ or moie i nunu noqen i c 
m.jt er i.':i 1 (s) a<imi n l s t ered to £-.aid m;5rnmal, dfid the 
ap'fjl LO-3t ions of such rriev hod to qene therapy, animal 
siinati^:- t ransQ.;mes i s , aiiLrnal mcidels Fiaving a functional 

15 knock-eut phen^: t yp.;- . 

2 . Description of related art 

The int rc.<:Juct iijn of a bic)l':e3 i ca 1 ly cictive p'r^ 'tein or 
a trans'gene .^-xf^ress i ng such pr.:tein, t;o a rnammcalian host 
20 c-ill can hfiv-;; s i '-jni f icant theraf^eut ii;: or eO' ncrni'sal 
values. Hov.-ever, tliis appr^^ach iiLf-'O has sev(E>ral 
d rawba'Sks . 

In gesne ther.jpy, fieside the risk of p'tential 
toxicitc/, the (^linicaJ impact ot such pr'^te-in is limited 

25 by their relativ-:; short half-life and bi.'lC'gical 
acd^ivity in vivo v;hi<:di results from ari iiiduct.ion r.f a 
ce J 1-inediateci immune respc^nse a-jainst infracted co ] I s . In 
paiticular, cytotoxic T 1 ympho(::y tes (dTLs) have been 
detoi-teri against a nt i gen i ca I 1 y express-oi viral prcteins 

30 encoded t>y virai vetd.ors, sucii as adenovir-al. vv-'Ctors, 



P-vn thouqh such v..ct<_.i^^ ai i.^F-n - 



n 



d*-.strL'y '-T d:inici'.:| 

d-ot ruct: on can 
ri.-t-rinit-nt al 



^ r 1 itH n ha th r t >^'' 

h irli' curing the viial v^^.d.i-b, 
l. ,c,3 r,f tcansqe-ne e-pressi'.'n . '-^-H 
,.- ,-^^u=='--- ml" larnmatxon which l.-. al-S-.. 

u, ^ s. , p t r>M 11 > u It.] 



, . tr.ns.n. .nun. I h. h u U> 1. ^ - 

,-,^um-^">t th.;.: h.:.st iiruaune t:-?p. ^n.-.^ 
..n.^.-^ .-.f rcans-i-ne .■-•:pr'----i' 



(:.f ji., Ti'^'-l. 

In ord.^r to 
1 s which 1 naitc. t h-: 
--ithoT to human 

^ .Ll 1 o t L 3t ^ ,1 

-i nvolvinq ^.o^thcr 



Pa^'- tio-n eni}_.L 
h m hi] I I n t 1h iromun 



nairdl i ran p t,^ i , 
:l qon- rally 



Lf : 1h n^w.^orm, 1 < t . an , n.^ v r . 

• 0 . . . s ^h ...nu. r.^, r . En 1 1, m , th ..I., 

.p. .l.an. 1. n . no. ,ur. uc, . ^ ^ ^ 

. t . .rat. n ... i n .h .wn t> , . ^ 1 nq 

,- jl l<^''-t5 ; Kay al . , 

tr..n nn. ! i i ^t ' " H n,] 

^ . jl-m^'pa l^i'y^ ) - another app. ..a. h, 

f-a-n'-" "in r-"--"'!il-:'in.irit 

05 rno.jif icat3.on (d .xLal -^o n._n^ 

. , uh ...1 ' h. U n n 

, , 1^ . a 1 - ?nit II t tP t r . ' h^ 

.5tt.;-mpt .s T,,.. do._ L._a.,- ■ J , ■ , , 

. ,.,.t^m Vanq et ai-,l^'-n ; LLoboi 
LmiTiun*- SjSC-^ni U' - - 

. . .C.a .i . 1'"' . ^ ' " ' ' 



,3V also ,n£lu.n..e pe^Ustenc. o£ . ra„..-.n.::. ".--s.w. 

...:al vect,:.s (see ..... 0.:, « ; .r.pa.... 

et al., 19"-^) . 

However, such .iiHe.ent appr,>ae,-,e. have en.l/ 

. ..^ S-iiv-^ r.-t ri stent trans-iene 
expr.-^s.o. xs h.,h]y .i...sirabl. in anuaal t ranscen^s s 
. . • - -sr-.-iUly those seeking 
and in q.-ne therapy settings, . sp... i-.I I . - 

ail.^-vi.ate chron.c o. hereditary .irseas^s rn .an..als, 

,0 the e.rr.nt state vector-hased ..... deUv.ry or 

..ans..ne.i3 .e^^uires the deveLopr^-nt ot trans..-^ 

xor. syst.^s an^i methe.ls wh i eh demonstrate the 

^ ' ,y.r o--.rsisr.>nce and sust:aine.l ..xpressL.n ol. a 

ceip.ai'ititey tcr p--.r s i -i- 

transqen.:-. 

The present .nvent.en adresses a H. ot these n.eds . 



SUMMARY OF THE INVENTION 



The present invention pr 
20 aie)rementioned need in the ai 
rri'i'duieit J ng m a 



ovides a solution to the 
t: by pre:vidin.:i a meth-d of 
ormati-en of neutrairzing 

:.:e,.:aes ...e,:te.> a..„.nst aa he . e ..l .a. pvet-^n. .h 

„„.,,,^,, .nvent.en aUcw. '--^ ^ 

,M- an agent sulfiorent to selecnively t... ^.r i 

1 » 1 ' 'I' ll'- ra-C'r H-'in, thus 
2 5 m.rmahian subDOct te. an hetero b.g.ar-, . 

.Pi:..nating the x-umune barrrer rrap.d.ir.. Long-t.r:n gene 
..■■nr.-ssieri A 1 tos r na t i ve L y , the 
tdierapy or transgene e.>.pr._ .r,oi .1 • 

the invent.en allee.s te. ,:.ete™:,n. the a.oun,: 
an ,.,.nt necessaty and aaff.e.ent te .nduee tn a 
30 ..p.odue.tle way an x„™.ane respunae aaatnst the 



rr^in-t 1- qen-rat:.. a functional ina-tivation 
transgone P'M i'-1U'-.t i - Jtn 



-)U:3 pir-tein phen';>tyF'e . 
The ^:i.-tails £ th.. pr.f -u red emb. .di,„ent of the 



-•rat.; 

of an endoge 

tails '.f th.- pref- 

^i^^ ...t for1:h in the accompanying 

pr--s.-nt J nv-/nt L^jn at- --^l J- 

d,„wln„. .hd the des<.d.p..oh helow. Once the deta.l. .-t 
the .nveht.en a.e .nown, nune-.^us ,ddlt..,nal a hnova t u.hs 
.,, , -.,„., ,-,K„, to Ohe skilled m the 



1 Definitions 

p.. rv... term n-ut ra 1 i zi ng antibodies" as used her..in 
.cant ar. .bod.es r a fn.ga.cnts thereof that are able 
t,, ta.get the hete rolog-us p..:.t..rn t.f the xnvention ar.i 
h..mper its bioLogie-al a-tivi.tv. 

Th.. i:er:ns "nuclexf- acb.i seguenc-" , ^^transgene , 
",..-^.t..r" a-- us-.;] therein with the same meaning. 
c!pel,at,. 'the'"emb..di,„e,-,,... <:.t the .nver.t.oh, the 

„„,le.e " ae,d s.-iuence e.eed.h, sa ed he t e.ol.x,ea 3 
p,.o,:e.n, .l.e na,n..d transgene. ea .,en.., x= e.ther pa. 
el a el..h.,a ahd/^a eap,e.ai<a, .eetee, at pa.t of a wild 

-t d Virus parasite, fungus, 
,e cr r.E-(oambinant geri'.aae '..^t a virus, i 



act e ri .1 



a<-. 11=; ti'-rein is meant a 
Bv tlie t^^-rm "transaene' as use^d n.^rcxu 

a- , . r,T--.t-iri whi.rh is F^artly or 
PtlA segment encclmg a pi^u^^'- 

,:.„t„e,y h.terel,.aeua U.e. lex...an, te the ™a,™.aliah 
ahsae.v:. .ah b- a therapeutic 



hb^st 



The 



ciry 



,an-;ene that supplies (wh.de .:r xn part) a nee 

product that xs totally or partxaUy absent f.™ a 
nammxlxan ..ell or tissu. f mterest. Th-. transgene can 

1 ec-.nomical valuable 



trat 



ling tt. 



(..e. usunllv . t.e.ap.ut..,! product, t.,t 
,a,.-:«. tho h.st P.oJuce 3..:.-. a pr oduct fro. Us cells 

-.ra )■ t ran"':i»^ri'~' encoding 
or organ (s). The transq-ne can h.- -< Lran.^g.^ 

^ ■ =•! ih ant ial ident ity ^ -^^i 

f,^,, a pr'i'tein having sut_.r.anL,r-ii- 

c.,. as the host tc p.:<:.duce 



end.-qenous t.aact..-xn 
neat] aiiiiing ant ibedi 



against said f.-r^ign pr^fE^in 



t,,, cross reacts wrth said .end.qenous pretein, Lading 
, tun-tional kncck-..ut cd said erii.e,enous protein- 

inactivati..n -d an 



used herein 



' tunct loi 



+ 1- ■ I- i - 1 oai oal i nact ivat: ion C'f 
10 endo.->en..us piotem" raoans the- br.doci^ai _ 

a .,r,-.tnMn at the prote , n L^vel , a r, oppositron with the 

, thai- It is p-.rferm at the qene 

,. • - r.f, Tho noutr.:-)] icmg 
l.,.,el to- h.;raeJ.og-us rec: =nb inatr-.n . itn.. 

an.il.odi-s dire..-t^:d againsr -.n 1. 1 _ r _ i - ? - ■ 

,5 r.ut-e the m.ans t,o alter rhe t ioL.gical actr-.city ot 

' " ,.-r-in thar is substantially id-:.ntical 

th'- en'iogencus }-'r...i.,-:; i n tna.. 

t., the heterol..,(jous protein. 

"H<T.r" lefers to th^ loeiFC- 
,,,a,-riso,:i acconlmg to the :nvonti.-n or t h-^ lecipiont: rn 
, - .,r,r -:.so,i The host may be 
20 o.,lis ■A which a trans^,ene is .:.-.<pi ^ 1 • - 

, . ■^^ r^r- - f .^ro-iV.l ■■■ lo" matnmal. If it is 
a vortobrate, but will pr.d.-roLi, t - - 

11 r-r^e -M -,bl" t-o a human tor the 
a m..innu::.], the host will pief.:a .bi, 

•r r',r-th.)rl .^if the inveid.ion 

,,,.ne th..rapy .>pplic:at loris .d the r,. th J 

Put may also be a d.^mestic li.o.:d..ob, v - 

1 v.-.r t-ho funotional inactivation ot an 
25 bak.'.rat^My animal. rn_. 



th-.;rap'y t':' 



■ .-nd- ■g-Mic 



icng lasti..V3 transgcnc expression m 



,.„„„al t,a„s,,o„esU. the hos- v.U pr- te r a. 1 y O: a 
.a.,.al, .cat p.^-fecably a laLctatctv at.t.l, a c>.:...st.c 
M.„,,,.-,cP cr a pet ,„in,al, but may als.. be a human, for 
,„ lunctr.,nal . nact Ivat 1 >.n an .,n..aenous p.ctern 



part 
pr.::t.ein 
10 parr,lcL 



lympl-iativ- 
lyphclds 
15 nv>riC.!iuc-lK 



. V I- ml ) th^- mammal is a human, 

esp..ciallv .n need ol a tr-.-atment ef a dxs. 

th<:- .^^xpressx.^n :t .n abn,.a-mal p.ote.n, or a lab. / 

1 ^ - , -v er a F'et animal . 

. "th^": ameunt a^i-.^m: 

. ■ • ^>.t-d t.- <^ aiven mairanal . 5-or a 
mni-ties th.:.t; is admi nist i at.ci t _ * j 

t Mvdud-^s th. recombinant virus 

^--^ "^^^ , 3,„1 p.t.rob::..ous 

tlvjt -ncode and expi.-:...- sai J 

i 1 d 1-VP'=- virus 

,nd ineomplete, empty ei 

"..ontamrnaie" th- vii:il steck. 

"Apr's" include knewn 
ries.ntmg -..11. - ^ ^^^^^^^^^ 

AbC's su.d. .s 3.an,erhans -..lis, veib.d ..Al - 

j,-Lr,e cells and u.n .-.rdbTH: at .r,g ..-ells 

The definit.icn .Ls^. m-lu.les 
Is such as lyiaph-.cytes and ma 

is a replic-n 
s.:n-ent IS attached (i.e. a t.r.nsaen.) , 
,r expression to the 
13 include plasmids, 



opha..r:S. 
which aioi'ther 



p.:;.l yuucl---:'t. i d 

sr. as t.. brinq the repli'-ation 
campL'-s C't 



- f t r-h-^'. 1 S'-^ nnent . - - 

"'^ ^ ,1 iitificial chr.irc.some 

AP'^A r '-'^i' . ,--.-^i, .i such as 

,-,,:l.,noviral vector', retr..viial ^ ^ 
-,.„::t.u- and cither bHA sequer,ce 
1 • --.t- r.r t bt^' rec Licat' 
" . ,i..sir<-i C>!1A seqment t'_. a 

ho-d c-]l, or to conve, a ..i^sii- 

i:.ired l..c.tion .ith.n . host ...11, or to expre:^ a 
,,n. within a h.-,st cell, especially APC'sdls. 
^ , ,.-^-d.nq th.. heteroloqous pn: tern 

Naked btIA molecules, eu...lrnq tn^ 



3Lly 
itr- 'ar ui a 



th- 

of the invent ir n, are 



th.-refnre in the sc-F'<: 



equlat ''Cy 



inv<E'nt i< 'n . 

"promot-r" or a "prcTH.^tei .equ ,ne , - 

,i.,n eaF.able o£ binding RHA pnlymerase rn 
3 , ..U and initiating transcription downstream 
(Vdire.tion) eodin. sequence. Withia. the pro.:.:...: 
Li te round a t ran.o ript i.n mati.tion S3t.-, 



sequence 



:,Le for th<: 



1 1 o! . irem rdndin:-! domains res{: 

Kukaryofir pr-nvters will 

. . . - f ,lwv/s, oon.o^ins TATA l.-x<:es and CAT 
10 oftv:n, but UMt. aLwa/.., 



bindin.:i ■■t IdlA pcdy 



t. 



U 1 1 1 - 1 n 1 [ i= ^ " 

1 1 n mt r . m u 



u1 ^h 



hum lU ^ "^^-^ ^ 



nc 



15 r-H. >nd t th.t 1 



:t^ 1 i t n ui 2 



1 n I 1 1 1^ ic- W3t i th 

tern .i L t 1 1 1 1 q . t i it , 
h':'no.>l':'qou.s [jt ■.d-.rin. 

i T D ) 1 s 



t t .n 1 t - n ^ i 
t t h iJ a u u^ 



An ^Munrauiv o^--nn. oo... 

t-. :,l-d.- t'"i iridu 

vO irn ct 1 I in. r .v m u i >ut. 

huu 1.1 r r a,.inr t h. t r .n l 



-,f \'irus 



:^l-q.. f:r, neutralize t n-:: 



en ->-i i } c t m 
t ,--rm iMcd L-u '-ai 



...,jvit--' 'd tdie tr;n-,sqene-.^-r.ooded pjot.iii 

^ -f the endoqen:US hornob.qous 



bi'-.'lc>.-U':ai 

nod udes 



^15 f.uocein. 

,.i,..ep. Unked" as used he.-in, 

•ter 

tunc ' ' " 



. . . ti nal Jir.^O^ ^-1^ " ' 



a nucl-;!'-- 



■i 



and a sec end sequen..-. ^, 
th .n ^nt. n,, wh . rn th. p. n. ^ r . -u^n rn. - 
30 u.in. U.t th ,i.n. .r.tin t^iriUU .,un< 



"Pharmaceutic. lly acc-i.tahlo carrier" includes any 
3„-.,p,3Me solution, cUapersion .edra, coatin,, 
3,,,,t„„r-.rral and antifungal ayents, isotonic arri 
absorj.tr^-n delaying aqonts, and the uke. 

2 Discussion 

Th^ xnventi.:.n ccns.sts of me .ns of modulat.n, 
formation of n.ut.al.zxn. aatxb.xlie3 directed f. an 
s li. f intent>::d that the invention 



antig-.-n. Althou.jh i 
10 will he ..ntxrely limited by a paxticular theoiy 
the :nechanLsm of modulation involved, it is 

the inv.-ntion such a;, viruses 



t' 



that agents 
ad(::novi J uses) 



.Jministrat-d to a mammc.l in 



,.,oh greater that tiv. am^-unt sutfxcxent to trig 

:,r*- .il^d^ t.a L<;.(::aiy satuic 
15 xiranun- r f:-j-"Jtio-- , -'j- - ■ - 

.s cells, 1-adinq to a t .:der i::at i 



pr.;.tein subsequently admi n is t l a t - d t.o 



inact].vate AP 
cc'mjdoun.j sucti 
sa id in.arnmal . 

Th.E. deteiminati.:.n ot the amount of such 



,ndu,-. toleix::atx..n toward said protein allows t. 
.<-nMo] the r.eutrali.ing antxbodxes formation xn said 
«al. This deternunatx„n wxU be h.ghly appreciated 
it allows either to get the conditions tor a 
sustained and 1 cna- last.x ng expression .--f a trana..no, or 
, indu-e a functional krK.ck-tHit 
?5 the conditi-iis to in.iu.L a 

phen..type wh.n the .-omp-und subsequently administrated 

I rv^T^^ons tc- a mammal's end'_- genoxis 
i3 a p.roteiii homclotjyus re a 

prctexn. 

,7 (1 qay ) ^--t't a i n- -d 

in prior art, Abxna et aJ. ( i - -> ) 

30 f crtuiti;'usly a mouse 



with a thrombcpoietin (TPc) knock- 



2 4 

.,-,3i„!t T.:, t.Uow^n, ......on r.co™. ■ ,. nan. 

ad..nr.virus oncodirH humai> TIO- In.l-,-!, 
sh.-^ws in t.h.. Exan.pl-.^ section (.e. R...-uit. 

. ih,t this r^'SuLt varie.3 tr^ m an 

5 pr.-:sent inventi..n that tni. 

V / ^ fr.-,m a viral sto.-k 

..xperiinent to an-th-r (i.e. U-m . 

, -f tVv- t'.r.-'^'-nt: inventicn n-;;w 

anoth-r) . Th--^ invent, or -1 ti... pr..--i 

.,U,.-.:.ate ...e ^ic,I...:,.cal .-..-.an .s. an. 

..«ec.s an.e..v.n.-- ..snl.s ..sc.:... .n 

10 fiUna ft a J. (1S9B! . h,,i ,t-,ra 

Th. ..:-U,ad U-' inv.nti..n C: „._.duLat.ng 

n.,utralx:.in„ antib,...U.. to. ..at i allow. .ttl,-.. to 

„„„„ ,.p.o.uct.>..e £unctt,:,n.l Kna.K^out phe..ot,pe or 
]..n.:|-lastina t ca.i::,a-: n-- •-..(. l. 

,..,.,„,,,,.„:,es a l,t.aa,.th.:.aagh ... aane tl.etapy a..d tn ..^ 
:,.pi ,-,t tho prcduataon a." anir„al ...odala. Ind-rad, tn 
t.atapy st.ch a ..etP.ad allows to c.tcu.vont the 

' r,rpvi'-ius art, and 

,,for-menti.:.nned disadvantages ■:>! th.- pr.7 - - 

■ rr.^.-hhr.i ,1 L.-.ws the 
20 in animal models pro-iuotion, said n.,th....i al. 

^ T na^-^-l m to 5 months instead 
,;,..n-ration of an animal m.ai^d m .. T- ^ 

^.-.s-ar- to perform a c-nv-ent i<:iial 
,,f the 1 to 2 years ne.^.os... at , oj t 

a , , 3 kn.-.ck-out mctuse) I'Y 'I'-i^e 

pnook-out animal . i - ^-^ • ^ ^^'^ - 

h - nP>rf<Trm a c inv--:ntionat 
tarqetinq or 8-10 months to perf<.rm 
25 trar.sgenic animal by pronuoleus mioro-rn^ est ion . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1: Differential effect on platelet count of 
30 ID v':;;;:rTD of AdRSV^uTPO. Eany thron^ocytopenxa xn 



lO-AdKSVhuTPO-inJected ni=. and prolonged 
th.o^o=yte»ia .n TD- AdKSVhuTPO-.nieoted m.ce . 

, - innert.'-d t^v m imunt qenic dose (iD l.= 
, o. . t,:,leri.gen:,.c dose (TO. (.-8 x 10, of 

u , „-l=noviius oncodinq human 

...o*:.po.eU.n .one undo. t.e oont.ol of ^ 
pro„,ot..) at dav and EoUo.ed eaoh w-oK fo. plato Lot 
counts m whole k.iood. 

9- Example of an immunogenic dose (ID) of 

1 n Figure 2 : Exampxe <^^- ^ . ^ 

.^S^;:::;^^^ e ^ P.^ a ....^ p.epa.a..o„ 

different t.an the one used for t.e other exper^ents . 

1,-. .-mchasize the importance,' ot 
Theso- results tinp' " 

, do^e for the induction ot a 

deteraiinat;ion --r. the oac . ^ ^ . ^ 

It £nr,ot.onal .naotivat.on of an endogenous Ptote.n ot 

L,"tet,, ttans.enooo.a.oss.onphono.t.f.ofc.teaoh.ttal 

preparation. 

Pi^re 3: Neutralizing activity of mice .era against 
h«„ar;;:l^rine TPO in a cell proliferation assay. 

HuTPCc huiTio.n thr.MTit.oiJ'Oietiri 
HuTPC: murine t hromb-poiet m 



Figur e 4 A, B : 

. - rf lar.l (A) or IqG2a (B) anti- 

Pr-sence or absence ot Ig-i 

tMr.i"s depends on the in^ectaon ..f immunogenrc 
l,os.- (ID) or tolericgenic dos. (It) 

. :;,..tivelv. TWO representatrve mrce Ml and tor eac 
^ ' at week 5 (WS) or at 



20 



3 e at 



resented for each isotype 



30 



week 13 (W13) . OD 492 nm : optic densitometry measured at 
492 nm. 

Figure 5 A, B, C : Cross -reactivity of all monoclonal 
antibodies derived from throiribocytopenic mice as 
determined by a classical ELISA test. 

IgG2a (A), IgG2b (B) and IgM (C) monoclonal 
antibodies derived from B-cell hybridomas showed same 
dilutions profiles in all the cases. Each hybridoma is 
numbered. The two hydridomas tested expressing IgG2a are 
numbered lA, 2A; the hydridoma tested expressing IgG2b 
is numbered IB; The two hydridomas tested expressing IgM 
are numbered IM, 2M . HuTPO: human thrombopoietm; MuTPO: 
murine thrombiopoiet in . 

Figure 6 A, B : An ti -adenovirus antibody detection in 
the mice sera showed same profiles following an 
immunogenic dose (ID) injection or a tolerigenic dose 
(TD) AdRSVhuTPO injection. 

An imn.unogenic dose (ID) or a tolerigenic dose (TD) 
of AdRSVhuTPO were admmistratred in mice. IgGl (A) and 
IgG2a (B) anti-adenovirus isotypes are detected at 
different weeks: week 4 (w4), week 9 (w9), week 13 
(wl3) . TWO mice Ml and M2 are tested for each dose. 

DETAILED DESCRIPTION OF THE INVENTION 

The invention is directed to a method of inhibiting 
,n a mammal formation of neutralizing antibodies 
directed against an heterologous protein comprising the 
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^ ju-nt ] 






,-i n 






[ f -^^^ 




1 


f " 




.iric(-' ni; 


Ap'.;'s 1 



J nn 1 1 - 1^' 
P^.-t-jn, said aqent bein.) 
sirnultanecusly t.,^ -- ii -i 
nu, 11 ^ ' 

,r,".dur-ti-:.n of neuti al l ..inq 
rol.>:?ou:5: pc^.tem. 



■ ntic.n. This avjent that is 
^ .,n..:.nc,h .large amount eit.h.^r 
., 3ntLq-:-n present incf activity 
a sut-.s-^.'quent administ i at i'^n 
,-1,-.,^..-- i-pjt triqqer an immune 
s av.ailab]e t.o present said 

20 yv.i-ereb-.q.;.us pi ot- m . 



t [>/ meLU' "-j 

t , I rii.r a. 1 h. t . 1 , 1^ F^^^ ' ^ 

:.mt).:.diinent, said aq ..nt. 



ULt i\ 



Pl t 



. , -- -- - rt- i =■ iTTii ni s-t. ---1 -^-'-l 

- ---rn-t tr:iqq'3r can immune 
, s.i i uu 1^1^ a li s.iu^n - .nn t tugi 

, ,_-.^i-^,-„. pret-in before the 
, 1 , ninst t h n-t 1 1 1 tl J 1 

. n t th. lUt . m ^arl nu ^ b i ^ -id 



,„ n , n w.,^,. th h c r . 1 



1 b It 11 it 1 ci 



. 1 th AF ' - I n I re/i usi 

.w.i^l I. th. nt (i v.c ..1. ^^.n. r . I . 

1,, , .ni unr ,u ml,, wh n tl . Inan. tr.tx n 

sunult.n xs, it is ix.t rr^i thh saxd rt x. 

uinini t r 1 /ith i n i 1 i , i 1 s n n 

pi-t-xn, in oxder the Ixrst xmmun-: i.^i.-'Ho^ 
-he aqent:. In p i rred 



nLy iix t-l 
i.ni I t , ai 



i .,.at .nl .X 1 nu I x . li 3'> " 



10 Ixn 1 ^1 i n^t r 1 > J t xn 

^ ,o 1 1 . nl mint ms, tli T n i t 



,-r:-,i.Jiain : 

. l~,.-.t mx-'l'-i'- arh.i ^^.z^querice ^-nc^ ^.Jxnq 
wh.K-h .:-eniF»r x;:-. Liiq at l-ra..>E. nu..±^ ^- 

^Hi^i h.M.eroh-joas protexn. 



Ih 



,f rlie' invention 



. , ^ ^,,,1, The agont. cl: th-f i , iv.^m, .1 ■ t. is 

un hi, ' xM . ' " 

M- xn.x>^J . .h U n, -s - - ' 

, , ,t,a n,rU th AE 11 r P . 1 ^ 

0 rh ,,^nt f . ^ u = - . xn .he , . .n,x n 

, ,,,.xt- t . x.,', lunju= s .,n-i . l-xxr, nr Ih X. 1, 

, ix XX. .ur n, .XXH 



t 1 J 1 u- t t ^ 



XI M , I 



Wh^-n said agent xs 
.un.. , 1h , n ...1 M nt en ixn, it 1 . t t r 

.,1 h t . 1 . u prol^xn XI p ni. ^xth r . > M ^d 
, n m X h. I n , n tx all ^n,.n ^x i t n la 
at: least a txansgene. 



3el..ct.-d a,.Kn.? adenovirus, adenovirus assoarated vr.us. 



virus , 



rcinia virus, 



E,,.l.,rred virus rs adenovirus, proferatdy human 

ad>.aiov irus, 



th- 'r .. .. . . - 

that is select.-i am.ng wild type ,:.den.:.vxrus 



adeiroviri 



r a fragment ther'-'di. 

When sari aq^ait r., <i r 

■ . , .u-l^ir- a.-ri seriuence encoding sard 
c--.!it-ains sari nyv^ Lex... a _ i j i 

p.a.r.-.]..g..us p:..t.an. Such liposomes, whx..:h are 
. , T . _ , ,i.-s T d, al]':'W bindrng 

10 pr-rerably cl..u:d-.i with poly^^a. . ha i.id - ^ 

- . . -I- - i Id drr i ^',dt- theiTi . 
oi .^r,tr-' into AV^'s in a w,. , t..- iu.m- ^ l - - 

arid sequence- eno.-)dinq 
Wh.m said aq--nt: rn a ra.lei.. a..! J ■ I _ ,j 

t,dr the heteroloq.^us protern, s rri nuclei.c :ici.„ 



..pp,t.-s th- M"-'^. ; th-- subsequ^a^t e 



d t.. the mamrnal in a suftrcrent 
t'lts or 
,:,f said 



-•r adriiLiiist- 
t,i,-^.,.,rs the irraruar. reesponse, and inhrb 



h-d.ere] oqs'us pi 



immun-d resp' 



r,eutr-3li.:iuq antibodies ag 



ible t-;. -nter or inaotivaL- 

tr. do ST. are alsco rn the scope 



d-d.-s n-t triqqei 
fd.iination 
h,,rerob:.q-us pi 
All ;i'jents 
t.ut nid'di t led i I 
1 h--; inventb -n . 

The anlrgen present ina cells of 
:,ny antigen pi -dsent ing 
rres-a,tiir:i 
r ha Ili- 



ac id S'l-riuence 
eby preventing 
said 



inventidri ai'e 
ILs of the mammal. Antigen 
11^,.. r.r -APC's" include kn...n AtC's such as 

..eiled cells of afterent lympl,atics, 
I ,an' : ncinc. - ' -■■ > ' - 

",,nq,-.ti.- <-ells and rnt erdrgr tat ing c-.lls ct ly.uphoids 
a -.^lls su-h as lymphocytes and 

,,rgans end mc-ncnuclea i ■.-Lis oJ.ri 

, r,-^ r.r-ferred cmbcdiment, the APC's are 

Tn;i r (dt )ha atd .d> . in oi t-- 1 - j- 



tho ■■..-s ir-.ated xn Ixver t s.xd n^ammal . In another 
- tu r,n-s l--at-d in skin, lunq 

or mus.-ie said marrmal . 

Th... rne.hc.d of th. invent .or. raay iunthor c .raprxse the 
5 ,..,p r.r ad.n.nist.:..rxn, to saad mammal additional agent to 
enhan.-.- the deplotion and/..a- the .nhibat.on .,t at Leas,. 



som^:. antiqei: paesentin.^ e.^Lis 
ad'iitlL'nal step 



and /or 



ibitd 



f said mammal. Tl'iis 
b... r-peated until the depletion 
least sc'me antogen 



c.f -aid mairunal is reache^J. rhio 
10 pies.E-nting oello <.t - 

i rn.^ferablv a wild-t,P':. 
addit j'.nal ag^ait a t a _ 

pr-ferabLv an aden^-zirus , th. 



-c-nibi.nant viii 



:::h 



iitaining nov ex 
,1 i-,..^:.:-cob:-(p:>us 



ti ar'sa-n.- enL:oeliaig 
15 Alternat.iv..ly, said ad.lU.i.nal agent may be a varat 
emcty eapside, ."^r t.aom.nts thereof. 

I ^ r, arv tfiat the method of tn- 
] r :i \ so may b-- n-.-^-o.-. ■-u y 

.-- th.. sr.-n(=.) of a:iministerin(i 
invention furthor comprise, th. .t..p(^) 

t.-, s..d m.m,maL a.blit i^na 1 heter ob.gons prote.n and. ^ .r 
.0 niisb-:.; aei.:l ene.dmg said P.ot..n to tug..:. _ 
,.3p,.nse. Additional admr n ist .at o:,ns can be perf..rm.d 

riina-r-d, or until the 
ur.tiL an inunune resp^ .noo i ^ - 

n by the host cells 



:--.p3 



sion of the hetetobrious p: 



is suffiei-nt. . 

,,fe,,e.l embodiment, the method ■ .f inhibrtrng 



2 5 In a pre 



^iiainmal f.irmatic 



of neuttalizini.! 



antibodies 



,Ur.,.to,i against an hoter. logons protem e. mprism. .u. 

administeiin.;, r said mammal a recombinant 
3dcr.: virus, tho genomo ot whrch sxmprising at le.st a 



nuclorc acid soguence 



oncrdfng sai'i heterc I'jg i-us p 



otein 



n.M-.-3<.ary t r> direct th- 
ard .v:.qulatiMn s-quen^--.-o neo...i-, 

e..pr...s..:,n of saxd he.e ,:,:d.,.:.u3 ,.:otexn an at least nn-:^ 

pr-^^sent.ng cell t .a^d manual in an .meant 

deplete d inhibit, at least some antiq-.n 

Us o£ said mammal, thereby mhibiti.ig the 

p, .iu.-ti..n ..t neutralising antibodi^.s against sa.d 

h,....„logous prot.^.in. This meth.,.i car. further .x-mp.ise 

, . ■ , , .-im r.-, -aid mammal additje.nal 
th.:. step of admiriist..;cing te a i a 

^1 ■ -t- t-h.-- a.=-n''ari'=' ot v/hicrh 
a fragment: thete.d. , tn-. g-n.n- 



snf f i'-ient 
pr.-isent ing 



a':len'>'.'irns 
n.O; expres; 



,,,,, an..;,..-, ......nun, .,.113 

r)r--f-i-d .:-mto:dim(;a-it , th'.- a^j-oit 
r„^,n,m..l. Accoidrng t^,. thi c pi- - L . i - - 

, . . , ; a ' -eatnbinant adeao .V3 ras. 

f tdi^' mventi -ju l.- 

> vivantaa'^^s f';.r use as 

5 pee.-.mbinant adenevirus ha-.- a _i /.mr . .n 

,,,n-e>.v- expr.-ss.on systems, i.,oludrn., tropism t. ^r b.:,th 

,p,.,,;na and non-divrdmg cells, mu>im.-d pathoger.n:- 

,,o-eatial, .b.l.fV to repb.:ate t.. hi,,h tit.-. tor 

,,„.p..ratma, ef v-.-.-tor stocks, .nd the p.d:ential t- .:-arry 

" V ...... . „ , B.-rkner, l-V: ; .-Hv, r^-l ' • 

20 biJ oe rnsert^ ^ ^. . , 

,.-.t--,'^ ,-an a.o::omm.:'.:)ate a varret\ 
Aden' 'Virus v-etvUo '-^an 

,,:„„,enes d.«.....n,: s..... .or ...a.,:.!.., a.out an 

■ „„„ a.c.:.r™.:..l,t.... f., .l.le.K., 

t.^ .n.:5ns < < h-i .vi.^rrj. mi . ■] n 
,5 E^,. Dev.:-l.:.fn.=-< ceil 1 .uv.s th.t .ucCV ■"^>"- 

.^,sat.].. a.ien.v.:u;u. a-.ne pr....uc,.s in ans ...<,., El. 
E4, aLl.:,.s ins.,.t..:.n a .,ar:,..y >^ t.a„s,..nes 

,'c-,^,= -J .7 r;raham, 
thr..ugh.:.ut the aden^^crrus g.^nome oe^e .^..J- 

, -7 i.o:..d Pi. . ferably th-: components Ot 
197 7 ; imler e t a i . , 1 -O •> ) . i i - l ^^^^ 

30 the adenovirus transgene espression syst-..m 



,-,ss.-tr-, E4 cassette) are 



5 syst 



the transq-ne 



(i..-. the nucL^ric a. i.i ^ 1 



10 het-::r.-.lr,g..,u:. E- 



lid 



„t Urn nt, th i3 no^ lu 



t t .n i th I 4 
r)^-::-.t>-ndi nq 



.> u y^u I r. in "< - 

,„| furr.hti cvnipri;uM -.t ^ 

. -U n ,r. >n M <.»3 > ^ " " 

, n ... H-i .... — ' ' - 

.0 .a . -n. . . — " t:,".:: 

..U..t.ns d th .n.nt. n ..n ..ns 

, , rd.,, t th. .n n., n an. . n ,^ t an. ne 
.1,. kn-wn si:-: human suhqr.nips, e.g.. A, F, , 
r.r V, wh-rein a pr.:.f^.^i c..d --u ^ _ 

■ 1 Ad- Vil^, Adl7, Adl-, Ad.d), Aci...:. 

suhdi-.uf F) includes Ad., ..d _ , 



.,lso be used tc 

,^.--ncme d-bi i one 



. ,r ^..,^,-,t-,T.:',s . Additionally, 

in.-lude the Ad.: and ad > o - t , p - - 

...rvr,r^ .^nmpiisir.d comMnatx-ns of 

r-hini-idc adon.:.viLUS \o<tLa... -^-"t- 

Ad tllA from dlff-Tont s^.rotyp.:'^ a 

th- pro sent invent i^ari 

5 (p,-...:ine, ovine, b.vine, <'.-:.n.no 

te used f':.i: the same purr 

th-;- inventoi-ri can l)e 

re.-mbinant LHA teohni'iU' 



ithiri the sc-F'O 
fi'.'m ether st'Ooles 



A'lenc.virus 

mur i n' r 

„:.se. The . iden^-.v i rus vectors of 
rdanoe with st-^ndard 
.r,-,l, the ve.:-t.:>i.s are 
a desired 



lua^t-i- iia 3' 
In q' 



akrng a 
'1 unit in: 



pPismid .oamprn 



10 transcript 

,g.:Mr.'me fragment 
a ]in.oaris-d v.ral g 



;:,ovtod int.- 



suitab 



a.-ien^ .virus 



The phasniid 



-ttansfe>:-t'.d 



1 th 



,n.-,rn- der i v 



.,i fi^ani an 



;-r-::a3f; aiic 



mt r educe: i int:(. 



f av-:-ur \ n';i 



d' -Qvais 

t.he aden.:.viru3 



adeu' .vi lajs 
ipi-nr ce.ll 
oc.mb: n.itron 
act'jr . 
1 i nto 



und^;-r c<:.ndition3 
15 b.-tw-en the oen^.mic tiagment ar 

■ -r, nnit IS -naine^'re. 

Preferably, the t ransci i pt J '-I'-Jt i .. . 

: ; an adenovirus Pi do.d...n . Accordr n. . y , the 

, uisert-.d nh.o the ad^aiovrral 



(va-icm-^ 



r i t)t 1 '"'11 unit .1 3 

' ' ■ , -if. ,^ie,:,t inq a recombinant 

,,t a pr^-determin.:.-i .ot^,, -> ■ J 

. , Th^- r.>.:-ombrnant a.:b.novrrus vector xs 

,,,l-nr.'Viral '/OLd '-'i . in . ; ,.-,na 

.,,,,p..r r-ombm.ad wrth additr^^nal o. -i^ 

* r-rr, )nr-e th'-' aden'-'vxrus 
,-i.sxred Ey and/or ..-ass.ttes U. p.odu..,., tr., 

.„-.„-r,-.r.^. The recombinant adenovirus ve. o. . ^ ■ 
' , -irn-^ ,,3rti-l-s as eviden<-ed by 

,,,„-apsxdated into ad'.-n.. . i r uo ^ai^.x^- 

' , .t Pl.ques in standard viral plaque 

,-p.^ formation cd piaio-- 

i.3.fe,:tiv 



..says. Preparation f r.-p] icat lon-a. 
,r_Jy.s can be a.os.--m,p] xshed u.-;xnq 

dieted Tr<am tl 



,ent viral genes 
ASIC cells c-..-nt 



aining the '.ie 



i^i^n-avirus 
e LI ] in---s that 
e vect-r, (e.g., 
ed adeu'ccirus El 



30 ■p-namic secpn 



e.g. After amp 1 i f i ca 1 1 ..n f plagues m 



snn.±-l- cMnplein-i>txng cell lin 



receive 
usiriq 
v_i ru:-.i 
chreitia 
can 1:- 



pniifica 

;on! ,d to I 
<.\ , and , 
Mteri hei'^ 
a pref- 



th-e vlrns'-s can k-- 
thawing aiM subsequently purifi-oi 
.ntrifu.iati.:M>. Alternatively, 
p.^ perfcrm-oi usrnq 
. Examples ef such technxqu.-s 
.ample an r-bU-shed VCT appUeata.n 
.nt,..u.e et ai., l^-^ (each r.fer.n.::e 



1. id' 



■ i-hniqu-:-: 



10 inv.:-ntion i.s 



iLes a'imi!' 



15 



] 0' 
10' 



IC 



11 



20 



rd-!. 



r.aJly said 
J m> ; n t; , 1 1 1 
,.,r tdian 
:,-,nceriti'at i. 



i n by r-i.-teren.:--) . 

.,inb.>diment:, the mainnic.l of 
,:iult mouse an.i ldie amount el adenovi 
,M-.-r-.-l to ■lepb3te or inhibits .d: b 
.L.rtina .:ells of saod ..dult raouse 
10- , 2 X la- , ■! l'^-;^^ ' 

pa.ticLes, said particl 
.,;idit.i.an.:KL adenovirus. I 

amount of a.lenovirus 
V 10'" i:e.rt^3-b?s. The de 
r, of a particubv m a vM . 



(■: f I- 



, r,r alter 
mount ot 



petf.:umed \-<V 

opt 1 Oil .-.i^Tisit 

Ev.n if td.e < 
P:.-,:n, plaque ..ieosn' t s--rr 
induction of tolerisati'.n, 
immune !esp':-nse. Th.d:'s 

■ , 1 ,ra- to .-valuat th 
stook 
liidee 
that 



ccinpi isin';i 
a preferred 

rmir,atie>n •-■f 
3 1 c-an t'O 
8 0 !im 
so^py. 



at 2 60 nm or 
i,,ely by electron mic 
comic nant ad^:-novi rus able to 
to be ,:l.^teiminant fer the 
it is impTTtant to tr^^tier an 
;_h.^- reason why it is highly 
, o:.ntaminati':'n ■ d: th--- viral 
,,i.r t- pl'.f-m a method of the invenli.n. 

in th- following v-xamples 
the inv-; ntois sh. ^ed m tn_, 

tv^erved variations in the ameunt of 



rec-.-mbinant virus 
tol> -rir.ation, the 
di f t:-r-nces in the 
scm- viral stocks havLr.g 
5 competent virus 
M.jv--r the less, 
to t^urn plaque, should 
2 ;.; 10^ pfu/aclult no'U;E 
lO" ^-.lu/ adult mc'use, : 
10 pfu/adult mouse, ^ ■ 
j-.fu/.-vlult mouse, 
pf:i/ad.ilt mouse, 1 

greater than 1. 
repl.oation-def.-otiv.. 
15 xn piu (plaque-t.-u:mi.> 
f.;.rniat ion i 



o triqqer 
.aus--'i t.y 

a ;..tOOkS, 



til /in '■th- 
;ien(j'/irus 



■^d in f.f u /iti'/'Use- 
va:. rations k'ernq 
itammati'.-n of the 

,3,eater e-oncentr ation of non 
wild type virus. 
ru^: amount ot ro:-oomk. i nant 

...f.u:,:ibly e.iual or qroat 
c, V 10'' plu/adult mouse 
10^' pfu/adult mouse, 1 
3" pfu/adult mouse, 
ivru /adult mc'use, - 
/adult m.-use. Moure p. -^-f 
:y pfu/adult mouse. a^---- 
,denovrr .1 v.-ot.u: stocks express^.! 

h^-. determrned by P Laque 
.jmplementinq cell li 



e pi 



11 



10' 



10 



rab 



e:-^ample, end-P'O 
.n..vri:al hexon pi 
Miu.:;ti(:ri ( Arme-nta 
Tl-ie invent i'-ur 
mammial 



di lution us 



t tansg- r 

s-,id meth.r.d compr 
laanmal formati<:^n 
anainst said het. 
pre--i-us meth.:.d 

of said lieteroloq'.'U 
;j transq'"ini 
tic livesto- 



;^r lon 



v., e.g., '-ell^. 

1 an antik.'Oly too the 
,.in may be us.d'f. c^uant itate virus 

a J., l^'5h) - 
1.,-, pr.:.vi.les a laeth.-d of producrng 
.....p.^ssino an heterologous pr-t-:.-in 
,ng the step of rnhibrtmg m 
,1 n-itraUzrnq antibodies drr 
.d,:.q.-,us Prote.n by the us. e,f the 
".t^r^b-; allowma a long-lasting 
,r3rein. Irr such method 



said 
::.cted 



.;.f pi 
amciU'-] 



dorae 



mam,mil, said mammal is se.ecie 
sn.:h as c.w, pig, d-at, sh.-ep. 



I , 1 nj-li <u.? ,r I n t 

..... .„T ^ v-eks. Mor- pr-;l<-r..bly , 

. X n Witt 1" ^ ' 



10 



,r t t rhar. 



1 t rmir 1- -> 
L n 1- ^ 



, n ml !1A 



by bi 



1 ^ I I n-f L m 3 ^ 
1 r t . 

J i ru 1 t L i 
LI 1 -^ne) . 



])roduct: J-n - - 

20 Ad.litionail/, I- ^ - - ,.^t-i bv Wostern 

^mmuiic.{:>re./.ipit--.ti..n, 



bl -'t, 

r;-.. h Diiriniun'-.'a:-- a 



(PIA) 



t 1 3 t 1 1 1 1 1^ 



1. ti-.^msqen.; 

" T t-i 1" --'v.-: .>r in vitro usinq 

L 1-in 

ral test lo3-mat.b-. cv. - ■ 

,-h plasm id.;, ad.5nu-:ru; 



-tors, c 



^ , ; rne..^.- o^' the inv-.nt 3 eli . 

T, t t 1 with nl 1. ^nt ^ 1 1 /II 1 

' . ^ l--'-l ^nd duratien ef 

. s as J I 1 U m a^ a th i 

,-.f a r.:.ntained t r ciio. — 



37 



hav. V...n .:ep..t..J .n Ann.ntano et al.a^'-l,- 

Additionally per.---- ,n-Mrls Animal 

usxpq sin table animal iti.d.io. 

„ ..levant to as.^s. tran3,ene 

-■'•^■^^ :r ^ - — '^-^ 

P^"^='-""-'^"'^^^ I :.,.;>sen with 

imianne- responb-:-.: - ^ ^ ^ ^ _^ delivery, 



,:efer.::-n.-e tr. such r^ar-araeter. 
:,f transqen-: 



nK.lecular assays, and 



-i-ntit ed t r,insyfc-ii' 

^^■^'^^-^^■^ . _ .ny...^.. the trans^ie 



' a...,..! -.ic. - 

r<'-T-)3 es-'rntati /• ; . a 

_ ......... ,,lini.:al , n.pr oveinent . 



i n"«^rii 



also do 



-d tc 



. . .i.„.-„-o r.r.-.tein immune 
r-duo-inu anti-net.:u._d,^.l'- t- - 

1 .mdu'linu hurncUi, sut.i)<.i<-- 

" -;--'^':::v:;'r^o .r..... .00,.. 

a,,„„u-,i.t,at. -n - ,„-,,,u,,, sav:l h.ater ..L.g.vns 

n„cl.-::.-. a-:i.:l sequ-^nco ....--In. 



20 dirooted in... .. ^ -■ .^^^.^ 

-f ,„v-,nt3..n. i^aid ~ ^.e -t^f 

'-■1 " ^ of a iroimmal, 

for tho tro.stmont .-t 



(. n- c.-t-.-^o into' 
:;- mo tho sr -t- - ^ 



':0.ar.V P-^-<"-^ ^ ,,1 



,.aldy a human. 



f f 11': 



wltli a disease 
pjiied g-.'net; 



diS':-a 



, . His-a'^'^s su'--.h a.- JiL..i± 

'-'^'--''''-''^ ;::.tal mfootions, lun.us.s inf e.-f lo^ns , 

int..otions, pa.a.ital - -.,,.33-., autoimmune 

, -.-r.ti- =dK)oks, intlanur,atory dis..as...-, 

an J so-.-ptr... ^ u. e--i--,tpd syndr^i^mes 

ran-.-^rs, and their a3S-....iato i / 
diso.iiSOS, oan.o.is, 

thereof . 



10 



U,e..pv of a „,:.™,.I, ........... - 

a*Lai3P..ln. to said n«a 1 s..dp,:oto.„ and/.. 
■ 1,,. „-.p-, o..ca.no. onoodir,, sa .d pr.to.n, a,. 

: ,. p,.v.-.u,P,-, the .to,:. .:.f Inhttat.n, i.r 
3aid mammal lo.omat ... n -A ,-OU, ^^^^^ 

- -1 i H r.rt't -^.in fc''v' till- f - 

directed aqam-i. ^rii.l p i. - u - 

invent I'l'H. In '-'-^ — 



inventic'ri furth'". 
sinmltan-r'C'Violy , 
manno.al at -Itp 
eye L OS}:-, ran, cy- 
15 interleakin-4, 
CD4 mciri'^clonal 
anti-LF'l 
r.r CTI.A4 1-4 an^: 
Tb-;- invent 
2 0 mariimal f'Mmat, 
against an het; 
the steps -A- ■ 
(i) (iptionall 
l^.ast on 



tlie st^i: 



tely 



-t ene immune 

nterl eukin-l^'d 
int.ib...'':ly, anti-t 
itib.>:ly, antibody dir^; 
1 and the like. 

,n prr.vides a riethod ef rnp..olulat i.ng m a 
, d neutralx.ma .nt it.^.Ues tixreeted 
,.p..,.d.s protein, sard method comprxsxng 



the method of ttie 
,;i cc— a':lniinist'-5r i.tig 
in.nt: rally, to sai.d 
„:a:iulat..:rs such as 
..yoj.erciualme, FKtue, 
^5 3- f ^- r-.jn-tiamina , ant i- 
nK.n.-rb-n.dl ar.tibody, 
-i against ':d4 0 1 ioiand 



25 



,-.,,-iministerrna r: a first mammal, at 

:,.nt and sard heter . ■ Lognus r.rot^:.rn 

, . ^,.^,1 s-guen.:-e encodrng snid 

o.id agent beang administered 
:,rolo.r'US [-rvtern, -ai .i a^ 

:,,ta„.-a.sna .o.u...t.atP; o,: .apa.atot:,. .U.. 

^ l,eterobo:r:oi3 protein and /or 
uence, an-i determining at least 

1 ^ T,r(-itein an:i 

d heterolog'dus piutern 



rlei'.- acid 
am^cunt of 
id agent. 



, . , triT-l-r an iinirmne respc.ns.: against 

sufficient to tii3-;^i- _ 

said heterobgous proto.n by ....J ■ 

opti.naLly, re-pe. f arming .tep ( -U 

amount is cletormine.l ; 

, ,-, a second marriina 1 ■-ai'^ 

( i i ) r-o-a(iminister" mg 

^ ^ ,/,^ , rm.-l-ic aci'i sequ-nce 
heterologous pr^.toxn and/or a rao.l.i 
- n r i n an amount 

. r r.<:^r.orr--- aqamst 

sa.-l h.^-terob...:.us pvct-.n, as deter^.n..:. at .t.f 
u/an. p.,..: 3 . ™1 taneousb, , .a.d a..nt, b, an 

, ,,-,t..r t-hat the one determined 
amb'unt^ qi-z-.n - i mic. 

and suffico..nt trigger an immune res, 

aga.nst saici agen. and sufficient to ..ef-let 
inliibit at: lecst -o-me ar 
said mammal, and d-termir 
at least one amount -f 



25 



step (i) 



iger 



present.ing cells b'f 
1 s^i'l sO'Ojnd m.amrnal 
abient that re..:lu.o?s 



and/or suppres 
immune respi'ns--r 
( ,i) unti] saad anooint 
wheirei n, 

(a) when 'bne administ^.- i:s 
in an amcunt equal 
(jeteiniine'i ?it step 



tq,e anti-heterologous pr^.tein 
said mammal; re-pertorming step 



IS determine':! ; 



a thici mammal, said agent 
,:,r greater th.n the . .ne 
i) but lesser than the one 



stid mammal pr^bduces 

q..termined at st-P ( -i D . 

+- c--, i.-i h'=^t e rC'lO't-'US 
n.utralizxnq ant .bciies agarn.t .aid h. . 

,,.t.dn and optionally against said agent; and ^ 
a.) lh.n^.le administers to said manual said ag.nt in 
, r ar.at.^r than the or.e determined 
an amount equal ...r gi^at.i .,,.^,,0 
1 .■.K,-biuo<--s neut rail .^mg 
(ii), s.aid mammal prjdub,^.- 

' . , toit produces nC' or 

antibodies agair.st said agent tut f 



ntibr.dies against said 



10 



15 



20 



f,.w ii-utralir.ing 
h,.t<=-rol'.-::!':'US prot^iin. 

o£ step <iU at least t^.c. tl-- Y";! ,„ 

, , tur,.^., tim.-s, times, 1 tim-,.s, .H tim.-S, 
' , -E ..a.d a.,..nt d.te.mined at step -i). 

""ia't :;:::eV::-;.:- - ---- 

^•v-iir.^= directed aqainst an het.ei. .^^ i 
„,-,.se a„.:i said a.ent .s an 
pr-t:,.in, said marmnal is a m.AU . 

:.en^,v.-us, an<. .... a..n. sa.d nnc ..^^ ^ 

^ -,,-..dinn s.ici hetor.aogous ^.'t-^-a n ^ 

seciuonc. • n..._dir , . , , a .e-cmbinant 

• --rr,-dv c.)-MdrainLSteT-d as 

siinu 1 t.anecjii.- L y - - ... i ■ t sa ' d 

th. V'H-m- -f v;hich cc.mprising at J.:-.a..t . 
' ' " -,-..-Un, said h..ter..lo,.us 

nucieiL- a . 1,1 - - -.i j-eccmbinant 
,-in MoL.^nver, the am.n.nt ...t -:=aid r. 

' '^ ^ .t.-p (1) that trigg.-.rs an imnmne 

''"^'^-::.r".""rslid\.el..:.c,g.-i.s protein m said .ouse 
ri^eurdep^etin. . ^nMbU.ng at least se.e antigen 
piesentinq cell ot said ukus^^ 
and/or th^ — - ^' 



. below 4.11V'- ^.articles, 
lovirus f^articles able to 



and/or the ani<-.ui.L 

. 4 ir.' pfu/m..u3e; and the ar^ount of 
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reduces 
iirauune 



vnant a.i-movi 
i: supp 
sfj'" nse 



IS p: 
es thH- 
saiti ni'-"'' 



. ,u:-les .:.t step (ii) that 
.^^t_i-heterob-g-us protein 
15 at least equal or 

. iV" r>arti-l-- and/-r the amount of said 
iter than l.L- pa >: t i^i-^ - 

abi- to form plaqu-^- is ^-qual or 
ad-novirus paiti'^-l-- at . ^ 

q^eat-er t!:an 4.10^ pf u /rn.use . 

• -raiern of mc'iulating ^n a 
This method ol the mv.nticn „f 

.d n.:.utraU.i.ng antib.:.dies d.r.oted 
mammal t-. .rrnati' n ^-r. n 



ainst an h■:^t 



r.loqous protein 



can further c-y^prise the 



i3t-rrnq an additional aq'.nt 

— — 

,h.-i ot th- invention to mhrbit m 
5 the method ot ti^ dir-ot -d aqainst an 

iormatron ot neutralr::.nq antrhodre,.-, irr . . ^^^^ 

r,rot^^i.w said meth^)d cr:mpri..inq th„ s, J- 
heter-Io.pous prel^..i.w ^ p^.t erologous 

co-aan.ii.i st-rin'l t ... -'i .„ -.-,Un.-, said 

P^'^^'"" . ' ... si„mLt.,„...:.usly sa..i 

K, h.......:.l.:..;,.:.- p.cte.n and p,..c., ^ 

,.„-...ent >..v..„w.:.n , .s.. 

Tt- , - a] so the qoal '-'f ^^^^ ■ V - 

IS f.,„nati..n n-.ut . 3 i . i n., ant.b.....U i..-- - 

, , ,--1.,-,,-,,,.. pr..t.i-i.n, sa..3 ^...^-J o>.np. .s. ,v;, t.,.. .t..,. - 



sirnultane':.usly, se^>. 
, , ,,„,d ,— 1 s.>.d h.,terc...:..,.:.... pr.3.:e..n 

_,,^,ient lai -LV -■ ..,,-,,-,■„ i inq sard 



jdmini sterinq 



''''^''''^ ' 3,, amount and/o.r 

,,,,,1 or qreat^:r 



aoi':l s-qu- 



■ , r, ^rvi said aqent 
20 h-.ter.:doq.:.u:. p.-.t-..n, ...u . ^ ^^^^^^ ,,eterrnrned 



han the 

,n equal or qx..c>.-.. - . , .-q-<.r. 

^ - ^^,-1^^ clet " rniined -ir .n-^-.!- 

( 1) t'Ut h= 



tlian tl- 

at ' 



<ij-) • .r.-.t-ln-.d f':'r the 



wherein at 

t.^-.p. ot a „-o...l allected^.o^. -^^^-^^^^^^^ ^^^^^ 



mhihitiiiq th-= M-i.-3i ^ noutrali-^inq 

Pr:.t-n O ..n.an...n.a t.^ P-^--^^-^^; 

antoibodu^s aqainst said F 



,nv.-ntic^n. For ..xamp 
.iocted among inherit.-:! or 
It: )-imimine di -'■'oas-ss , ■. ariL- 
-,£eotious diseases sucl^. o^ 
-,f-<:tions, pai asitai i 
,::.-f;ti.:- shocks and t:h-- 
riac'lic itions t:h-ro.:)f . 

Amc.ng inh.:^rited qonetic diseases, 
..hen... n.us.-.-ula. dystrophy, Ste-rnort 
-,-.r,inol:dast:oma, .U-^ucoma , 

, Pt 1 rmiiune' eiis 



paid disease can he 
;iuired oen-tic diseases, 
:.,ncers, i n f iamrnai: o ry diseas-s, 
, as viral inte.:;ti. i.s , bacterial 
,,fpctions, funqus.-s infections, 
...... .ss..ciated svndromes and 



yn^ir ' 

muscuhar atrophy. 
r,f the inv-aitiC'Ti , 



An.' 



on tact 



syndr^on--, 
,M yt^ii--m :i 
disease, 
r l ieuiTiat o] 
.;--.'ridr ^: ni-- , 



■:ito.- ps. an i 
,:-ut meous 
pvaap'hi':uis 

saiccidosi: 
.^iithr i tis 



hi liai 
n.uLti} 



cirri- 



ic-, at:>pi.c dermatitis, 

,.,11 lymphoma (CTCh), Se::arY 

vu-son~ r.emphi'iioid, 

■l.=-r>-'derma, uveitis, hech-t ' s 

B.,ech, S.oar.n-s syndr.ome, 

io, -juvenile arthritis, Reitcr's 

,:!stecarthrcsis, systemic lupus 

V- I T r -i r.r imciiry 

,lvmvosit:is, myocai ■ H 1 1 .= , I 

Cohn's disease, ulcerative col3txs, 
^,l.r,->sis and other demy^.- U r.a 1 1 ng diseases, 
,„la..:os I..:m,a, idi..pathic t hrcmhe.cy t openic purpura, 
rm.ltiple my^" D^a ^>nd B 
panhypoFO tuit :ir i 
:_:,j..tha]mopathy, 
drs-ase, Ad' ir son's 
mellitus (type 1) • 
Among cancers, 
head and n>;-ck ca 
track car.cr, t 



3utcr:-ute 



,,,11 lymphon,a, Simmon's 
.30' dis.-;-ase and i^raves 
thyr.oditis and Hashim.:to's 
s insulin-d^-pendent diabetes 



: -ne can r.= 



te sc'lid turn' 
-ancer, g.^sti 
qynccelo^ 



iirs suc-li as 
-oint-:c3t inal 
i,- cancer, 



nrimr- tr^ct -anc-r, neurologic 
testicular cancer, urinar, - 

r-i-in rani-^ers (rtie 1 anoma . . . ) , 
tumors, endocrrno neoplasms. .Km can.... 

sarc'irna.s, and 

drsoas-? 



also h-mat.-^loqlc maliqn.icies such 
, , drs^-as. and malx.nant. lymplroraas, 

Hodqkrn's dro.as. n i-^m i =^ <^ 

.,- , - -, ^,..s c:hron.i c leukennas, 

immunoprr.liferatrve .Ixo..... 

n.yelopr..:drferatrve d.s.:u:de.s, acute 
ptre-t.uiTKual syndromes. 

The inventiC'H aJ so provid-rs 



leukemias airJ als 
3 niethod feu: tl" 



,,f a mammal aftci-ked by 



..:hr.: 



thei aK 

10 inl--'Ctm:'n, such as a scept. rJ oh'j'^.. ^. . 

. . ,,,, ti-ns are tdie -nes indu....ed 

Pv:unple-s of viral rnte.AL._no . 

. -,-n.-l-'-y vrrus (HIV), the 

P'"^ ■ . ,-v,- Kr.---t.-in Barr vi;tus 

, H-v the cytom.-aalovirus, th^.^ Lp-t 

' ^' ^' - _ the papillomavirus, 

iv\--r\ th--' varmceli.i .-'-'u.. 

' ^' . ^ . -1 3nd (HTLVl and HTLV;:), 

th.. hun.an T leukemra virus I and ... ( 

. th.^ p.di-zirus, the c.o:sackie J^ru.. 

f]^■■■-- mvioDvii us, tn-. l ~ ^ 

th-- rhrnievir-- 

Ch^-. virus, -nr,.,,.v.a..... , 

th.-.. .hahdivrrus, th^ arhovrrus, the hemorra.ic .ever 
vi.us..s, the poxvirus ..ntectrons. 

-,t ba.-t-rial infections are th. en.s 
P:-:ampl'..s ..t oa . l . . , • ^,-1 i 

3,„-iu^--.i by Hel2Colact.^i pylori. 

r 1,,-M-r.r, Serrat.a, br^:.teus, 

y^--^-^-''-' Er.te,.ba.t.r, ....-er-ides , 

aruqin....sa, Acinetob..e ter , ta_. . 



an 



■iiionas 

Ler.t.::>t,ri':l 

Verilonella, C los t r m:i Lum, 



. , . . prr.pionibacterium, 

FusclM.-terrum, Leptot, r ichi a , i- ^ ^ P 



Fuba'-t -rium, Act in-mye-e 
^ r/ixrrokiaot- e t: lum 

, ,-,vi^lla Hvcoplasma 

30 M-;ccbacterium, PioK,..r lo . . , 



Neis.-.-ria meninqit idi 



-1 la 



s:;::':,;::::"'':.:'"™". - 

meLat.:-nsi3, Liu. .na Y-rsmia 
.^i,^ |,^.:-u<lotub-i:oul-sis, 

Pnte.iocoUtLca, Yersinia p...t..., 

^ ■ ,1 r^r U'-Phi -.an..n.-lla typhi murium. 
Salimui..'lla p:itat.,phi, - 

v c- of paras itos rnt-otions aic ta.^ 

H! . i U S O H 1 , C H I . U . - 

. , .r.l.tr.. :?chi..:.;.3..ma h^Huat. ,bium, .-hrt^ - 



distciaatC'Sis, 
Sr.histc..-..m.:, m^aaxia.., 
' ' P.^V^.rtsia, Prr..umocystrs carinii, 

'-'''^'-^'^ \ .uCerena b.n,:-r.:dt, i , 

Pi:,,plasmosis, hch^u...^.- - - 

BrU'jia mal.:«yi. ^.^^^^^ 
, -. ,r fu.vius-:-a inf-cti-ns are rn_ 

:^nduc^:.d by b<H>aaaa a.b...^i-.. ■ ,,,,.,.,,-.13, 

, ,,-niraLi^^, Car.:iida krusei iML_-.r.i_ 

•^-■'■'^■■^■^ psoudr,ti.p ,a ^^^^^^^^^^^^ ,,,uermc,ndir, 

rayv\i:\a pa r ,ips i i'.'^ i , 

.,:yp...-.---' ne...:™.u,s. ^^^^^^^ 
Amon.! irdd.c.mmat.a y da s-:-ab.. - ^ , -n 

^..prit L-^^ r-i-.hn's disease, rectoc.l 1 1 1 . - 

inLlammatoiy di.i.xi- .. , - ^^^^^^^ ^^^^ rnetliod of 



des th 

a m,..mma] with a functi.^nal 
th-^ invention t.. p.-.^.^-.^ .,^„,..in. said 



The; invent, icxi al s' 

..duv 



. ...,-,,,ti.-,n ef at i.:-ast one -.nd, .aenous pr....-,--. 

^""^ , ...p ot administering to a manunal 

\,-n,.-us .e,ar,te .r sequ.ntxal n,an,«. at 

At least ana a a- 11 



^t.in bfin.-. substantial! V identical to 
het-r-lo.j.iis pr:.tein fcem,, 

.,v-K.-in th-- amount ■-'£ saia 

,pti,.n.,l.Lv of ..,x.:l a,.:nt, .,h.,t x_ 



hetei'ologouP 
admin i st -rred 
step 



and /or of said end-g^^nous pr.vt.-in. 

the mammal of the 
Hid t:he am-u!it:. -'f 



T ^ c- t-Vio on- determiri-d in 

f ' --aid inaminal -l^- lu- ^ 

; th-^T^d-.^ the a.uount of anti -heteiolo.ous 

L.ri-in, antibi^di^^s Produced by sa.d man.nal being 

" ■/ . , to .]..-^r the bi.obo:ucal a..tivLty 1 said 
SUl t lOl-Iil t' ' .iJ. ■ 

he-i-.-^ro:ioei(,u3 

]n ,1 pr.-teM:e<i enib^oiiment 

, • . , T - ni adult KMjUse 

" ::::;:::::/:..--.:^...^u. pa.aoe. a..^ 

n-ut 1 ali "i>o;i antibodies c.m.>--'^. 

P.O....... -^."O V,.:..,. .^.in" p,,,:OO..s, in' , 

e.i-, .a.', '-.oo, .-.uO o', ...^ 

p,.,,,„,,. 3 ,„.™n.,.. ..i.tl> a Ph.r..:.typ.. <> 
,„„.t.v.l:ion by ..h.- m.,t:h..i O '^h. invent.,... 
,.,,,.,-ol.:.,,.:.,3 P.:.....n xs a. l»s. l^V. O^., - 

.oV , t,^:.%, 7u- 7S^^;. HO A, o ^ ^ 

... i,. '.t';, 0„-ii., M7^-;, 9X7,, 

^ ; pio,tein. in a pieieiaed en.b.dnn-nt, 

20 to tho end...:n.. ... 1 - , .t.nt v.- :>1 to 

3,..d heterob:..gous protein is at I .a. _ - - ^ 
the .ndo^enons prot^ui. 7.ia bet ^rol o,..,us p...- ^o n^^^^ 
...fe.ablv ^ Pr'^'tom seb-cved amonn an.mai sp... y 
\-abbit, m,,use, rat, prefeiably humans, horn, .b.-a.-u.. ^ 
,lly identical to said endogenous p..f^-->' 



.-r.dogous 



ona 1 
s.:iid 



as rab! 
2 5 sut'Stantia 



:ait 1 oal 



sai':l mamm.al, m-re prete 
human p-r.ate i n 



atdy of 
human g: 



I-xa>r,|ole of 



,:,wt:h h-rmc-ne 



su,-.stant.aUv O-'— ^^^^^ ^ ^, , ,„ 

^' acids 



s used h^iein, " p^ 
nucleic acids sec 



,-,r tvjo ami I 



4 - 



means th.^ p.-r.> -nta.g. 



' , -ttain-J wLth the b..s 

tr, be eomp^red, ..bt:iiii-J 



f.:, which i:h.r. .letvinime.J E"" - ^^^^^ 
10 b.a.:.w, IS the hi.jhest. 

, „ He- r.t cimino aci'ls .v.-zrqu'. i - - ^ 

t]v-:se sequence'.- 



.:,lise:d K'V 'r'-nipai 

,:-V ) 'OUSly VLiqil e. - - 



il:iqnrnen1: ; tb : 



sina]arx.:y. Th-^ b.st sequerv:-es al.i,u.,. ^ - - 

^, , th^^ h.an.:..b.qy a]qer:.t.hra ,b-...b.bP 

■UKl Wat.--nnan (I'-D^ / 

,,-...i,-,rr-l by Ueddb:..mHn and Wunsch ".)), -/ 



:.irnent.y ef c-irq:- 



15 



the meth^ 



,f ...ilarxt.e. ,ev.l.,,:,e, t,y hoarsen 

:.ftv;ares using 



M , ■- --;r'":n5- i n ';'--n-i ' 

TFA;'TA ] ri tdi-- .^1--- 



s„fnwaie l^.ekaqe, 
. - br., Madj.-:.n, WI 

25 --'--tics C.:..,:.Mter ..r^.up, ■ --^ p,,p,..k,Iy 
,,c.,, TO qet th.: be:.t aliqneiaent, .n. - i 



.q BLAST scatwa.e, wxth tU.^ BLo.bM .2 mat 



the 



" ,„„t„-. The .dentuy pe,,.,n,a<:,e bet.een 

^-.^n.a-i-'-s '-'f nucb-ie, a<.id.e ^'i 



^17 



,.ids or the :>min.- a.:-ids s^qu-^nces 

n'lml-.-i ..1 i.- t-nt.^tl numt:er 

^^■^'^^'"^^^ ■'-lu^.-.s" an. by naat.plyin., th.. .esuln 

o£ '-on.p.ii:-?'! P'.^.'-t - -f identity 

obtriineci b, -I-'J ' - ^ 
10 be,w..en thes-. u-.. s...:,u..n.:-« . ,..,„,„.,-,...,.,., ..,v:. 

- ::: ^ 

1..... I-.. ; ;■;;"'„:';■ J,",' 

' ^'''''J.J'Zri"^^i a'u.,n,n-^nt, m-ans arMn.o a.:.i.te 
5''-' ■ . ,., „,„.i...,,.. ,,::..J. s.-|uenc.^s, hav. n.g 

'-'■'^''"^ - ' . .p...rt3rn., chimeric 

, ,j..K.ri.>n^^, truncation.^, ......citi, 

■ .ubst:xtnt..>n., spcc.aU.y P-n^^ 

murations, the .num. a.xJ^. 

, .~.n.-n.-^, ot which presennn, ct I-a.t 

i;-.,. .10. ^"'y,^;:'':,;r''.,-n''''.3i,''-^^'. 9"-^c 

" I';.:;. '.^■spe..uv,iy, n„c..... a...:. s...,..n.... 

, „..f^.r..-.-i .;n,t,<..Jii.ent, th-. invention 
ot pn...uoln. a tun.n.ona. .naotiv^ti:. 
pio.,.i.:loa a nvatl...d .IF-. - ^ i^^.-t i vat i n.;, at 
30 of an on-!.-,.:a,ous prct-iin m .nimal b, 



l.-?ast .:.ne end-:<qenous protein, said m-th^ comprisinq the 
st:.-.p 1 1: i ■:)■:[•;■ rinq in said mamma] fcirinatien -f 

n.- >itral:L::inq r. nt it.edies dir^'Cted aqai.nsf an hetercd. :>qous 
pr..tein bein^i sul.e- 1 antially identi.-al said ende^jen.r.us 

5 pr-'.rein, sai':i method comprisinq th-- step cd 

a.iirii,nisterinq to said mamma i in a .simultaneous, separate 
or sequfnti,.il manner, at. least .;.ne agent and sand 
hi.d.--ro] O'jous pr.-tein and/'.'r a niri-l-ic acid se..^uenc-e 
eiroi'dinq fo: said heteroloqcus protein, said nur-Leio 
10 a'-o:i s-ciuence iovinq expressed in at: least; one cell c^f 
said mamma], vjherejn the amC'Unt ot said heter.jloqous 
j:.,ot.ein, opticiially of said aqent, is at least 
sui tioi-nt to tri.:.iqer an injr.une res}.>cnse a.j.-jj.nst said 
heterc.] ■:'q':iis i)r. )t:ein an^i t.he arriount c^i .;ai(i a.jent is n-t 
15 surtioLont: t-. d.'p]-te or mhibite at least some anti-pai 
present inq ceils r)t said mammal. 

TP.-j nu.-.deic acid sequence of the invent i.-n 
undrtferentiy naiTied transq-:T;e, gene, vectc.r m the 
j.iesent; invent.ion, can be userl to transiently transfect: 
20 ^;^t: tr.-msf-im h<a?t cells, or (oan be integrated irito fd-.e 
h^'St c^d 1 chrom..some. Preferah)ly, iiowever, the nucleic 
a.:dd sequence can in<::lude sequences that allow its 
r';-plir-3ti-:.n and stable or semi-stalde maintenance in 
[-h-i- h':'St cell. Many such sequenc-s tea- use in vari'Mis 
25 eukaryot ic .-ells are kne^v/n and their use in ve.rt'M s 
tr-utrn-. Ger.erally, it is preferred that repl i cat i -.n 
s-qaenc-i-s known to functicn in host .-ells c. f int^L-rest 
b'= used. 

Preferably the nucleic acid sequence the 
30 inventi^_m C'_-ntains all the qenetic information needed 
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tr> ciirect the exp'ression of said heterdogcajs protein 
ii-i at le.ist 'jne c-L'li of t;h(! mammal, f.ij^ef erabl y in at 
l.-ast en- AFC c:ell or the mammal su^rh as firomoter 
S'--qi,ieno.?s , r-;M7ulatory upstream .-lements, 

5 t ranser Lptiona 1 anci/or t r ans lat i r.na I in 1 1. la t i 'jn , 
t^'-nninat: ion arKi/'::'r regulation .-leni.;;nts . Vari'i'US 
pirc'irioters, includim^ ubiquitous or t issu-- -speei f ic 
promoters, and rnducible and constitutive pi''>if'' >t er 3 may 
to' use.l to drive tlie expa-ession c>t the h'- 1 -ro 1 -:,gous 

10 ]:u-otein gene of the invent i'^n . Preferro'l {.'rciiroters tor 
u:or in mammalian hcod., cells ,i nclud.- str^^ng viral 
pa.jin.i't ■:• t: s from p-lym^-Mna virus. Simian Virus It (SVl:)), 
adenovi rus, ret r -jvir uses, hepatitis B virus, herpes 
simplex virus (H.:"V), E-'^us sarcoma viru:s (F:Sy), m^juse 

15 m.-.iiTimary tumor vrrus (MMTV), an^l no'St preteral:>ly 
L--,'tr'megal.->virus ( CMV ) , t)u1; also het e r br-gc'us ;fiaimna 1 i. an 
pr.:.mr. torus such as t.he (^-actin [:u-'..mot>;- r , 

pliC'Sphoglycerctte kinase (IGV) pr-;ariot-;:-r , ef:d.thelial 
Ln-':'Wth factor 1 a (E(n-'La) p rc m^-it • -r , albumin |:u-.: ^m.j t- r , 

2 0 Croat ine kinase j^r'^mot er- , meth 1 1- thr.jne] n promoter . In 
[jreferred embodiments, the [:uajm.;.t er s aie chosen am.:.ng 
cyt ■MTiecjal' 'Vii us o/arly [.vromoter (CMV lEl-o, Rous sarcoma 
Vitus I'.ng terminal rep--at pr.:)mot r (FV"V LTb), 
my':-loprO'l 1 f ei atrve sarcajma virus l':'ng teimirial rep-:-at 

2b dlE'CV IjTF ! , simian virus 10 early |;ir..:)m.:>ter (SVlf) lElE'), 
and ma icvr late prCim.:.ter of the a.:ie.:iV i rus . 
A L t t^anat i -/ely , other eukary<.'tic prrmoffirs are suitable 
f.:)r such use, including elongatir-n lector .:.no-alr'h.ri 
• EFl-a) i_'rom</ter , cre-atinine kinase promoter, albamine 

30 prc-moter, ph asphog 1 y '::e r a t e kirrase promoter. Inducrble 



pr^jmc'ters such as terta'^y: L i ne t;'r':imc>t -i^^irs cMild also h'l- 
used. '['ransci-ipt ion oV. th-^ gone onc.r-Jing th-i: 
heterol .i.qcus prot-E-in can be iricL'-ased by i ni-'ert ing an 
enh.^inO'E' r se-qy-'no-;- int^.' td'ie V'Vc:t-i. Many enhano*E'r- 
sequences are now known from mamma i ian qenes (ql-El:- In, 
elastase, a ll.umin, <ind insulin) ...t: t rem eukaryotio Czdl 
virus (:5V-Ui, ';-MV) . The disclL'S--:! vostvu-s jE-re f eralj 1 y 
also cont^ain a [:■■:. 1 yadeny 1 a 1 1 cti signal. All of the- ah.'^ve 
ment ioned regu latE ion sequenc-^^s a i: e operah'ly Linked to 
lorovid-E: .aptimal OMpi'Gssicui of tl^-- transgene. 

ThiE- het(ErcoL^'gous prc^toin r't the inventxcai .or a 
f ragmen t thereof i s selected anir-ng ttie p)rc.teins 
jEuesenteci by a .;•] ass 1 ma ]or liis 1: ■■■cornijat il:d 1 i t y molecule 
(s-MH I), a oI.oce; II ma;p-)r In s r.-E'Eimi.ia t ilj i 1 :l t y m'i'lecul'E' 
(':MH II', EEr l-.y l)sa:h cI..s:e [ ircj-i h i si cc-EmpEi L i t) i I r t y 
niolecuL<E and class II ma jc-r hist oc: •m^.-a t ib i li t. y molecule. 

The h<:a:>EUE^d.':'g'->us p-rotein -Ed tdie present invention 
can be arr/ n.::n -'Endogen.Eiu s prr.r-in. Th'E iie tore Lcos^us 
jEii'E'tein can L)o selectei.1 among lEiEOtein frrxa 'liffer-nt 
species hoirc) lo.j. ,us to td'ie .E-nd<:-:i^aious firc'tein, mutatoE-d 
and/oi truri.E:ate.:i .-.uid.jE^e-nous prot.>-.- i n , i':uEOtein es.h i Iec t i ng 
a ];.o lynicc phi sni c.E'!nF)ared t.;, the endocjenous prs'tein, 
fusion prc'teirj v;ith said en- 1 .qenous pr-E-toi n . hi:, re 
preferatily, sad h^Eterol.ig'E.us E..:r:)tein is chE'se:n am^E^ng 
sc'E- 1 et -E-iI p'rC't ris , me-nlE'iancs }Er^.t:eins, receiEit 'E' r s , 
int r a.E-e 1 lul a] t:uct,eins, nuclear prS't'-ins. Examples of 
secr et'E-iI h'Ste rS'l^-^jous [■rr-teins <j re neuromedia t .Ei rs , 
hs-rmC'Ces, E:yt(jkines such as l n t e r 1 eai ki nes such SiS 
interl-uki n 1 (Il-l), mt'^rleukin 6 {If-^j), 

lymph'jkines, interferons, cheniokines such as tumiEir 




n'-cr'.)sis f^'Ztcr (TMF), tn^-no l-:ines , rjr^'iwth factv:irs, bl'jod 
r:i -'.'.at iv-E'S , rr^ 'U i' ran smi 1 1-- rs . Exami'les of pr^.teins of 
a [ ■arti';:u La t t; hf^'rap^-rn t i > ■:al Lnt.-rest c CFTF., 

dyst rcip'hiri , .MiaDwth h'::-i iricin--- , insulin, insulin grciwth 
5 f .:j':t.-.i r 1 and ::, rumijt: ne>:;rosis fa--tor, }:d c^i'd factcr 
Viri, lilo.ad fa.-tC'i IX, A'^TH reoep.t'^r. 

The hetei-o I oci' -um pf-M:ein of the invent j on can also 
b--- a repc-r ter protein . Among .r-ep-:-! te r protein:--, e-ne can 
r'-:-"'it:e [}-g;i] aot':-siri nso, 3 u-::i f erase-, -lutof luorescence 

10 piot' in, such as the green fluorescence pr-jtein (GFP) . 

in on.;- i?inb.-.dirner-,t , the hot e ro.L .:ejMUs fa'otein of the 
j tivent i on is mut --it; ed in -r-cder t-s enhance its 
J !i:ruuri-v;ierrj ci t y . Such muCati on (s) in th€.- nir;:Le-ic acid 
...•..-.■-j,j.-_.r,.::e eni.-oding said hetecid <:)q'-'us pr ote Ins a re 

15 ;->"d O' T ed In a gri -u};' consisting let iiatuialiy .occurring 
marati 'iTi, genet ic-al 1 y enqineer-sd mutation, c-hemical ly 
a r"i'lu'..-'r-sl mutati'^n, physical.! y i nilu(.;ev:l mut-EitsLon. In a 
pi ef erred •-•rnbo-.i Linen t mut -.it ion is in<duced by rec^ambinant 
EiIIA t; ec-hn i'.}ue;-- }:n.3wn in the art. F(..r t-xamf) I , it m.ay 

2 0 i n..-Lude amcng others, site directed mut agenesis or 
r.mdc-m mut a-ijenes Ls of DtJA sequence which encc-=-Jes said 
prot - i.n . :-:ii.:ch meth<:)ds mei y , ame>ng others, include 
f."olymerase chain rocactron (PCP) v;ith ol ig'E'nuirl eot i.de 
pa:imt-rs btO) i" in^:) larie* oi- m'.a.e mut .Eit i 'Mis (H<j ef; al., ].9&9) 

25 c-L t.->tal synth-E-sis ot mutEated geiies ( He)s t crris ky et al., 
lai-:9i. These methe-Eis c:an be usoeI t e;. create variants 
v/h i ch includ.;:, e.g., lieleti-ns, inserti-:ins 'Sr 
sut.'St i tut i 'E'US < 't re-s idu.";s 'Eif tlie knc'wn amin'E' acids 
secfu^^nce o f the heterologou.s protein of tli-:; invention. 

50 Pt/t: mutagenesis using r-E:duc:ed Ta^E] pe^lymerase fidelity 



■":an alsc' t^e used to intrcMiuce lan^iC'in mutati':'nr intc" a 
cloned liragment r.f ['NA (Lr.'Uiv-} et aJ., 1989). l-'and'^jm 
inut" acienes i F can alsc' V e p'-r formed aC':;or':ii j^ig t' ■ the 
met hc-l C'f Mayers et al., 19:.iS) . This te'idiniqii-' in. -lufj-vs 
•gener-.ation.-: ot mutat ions , e.g., by cherni'i-al treatm>;-nt . »r 
i r ra.l iat. i C'H ot s iriql o-s t rand DNA in \'it:ro, and synfdiesis 
of a c^-'rnp'l •;"-rn';M'itary r)MA stran.;!. Al terriat i. vely fi-acfm-nt. '.'f 
an immunL'Lienic pep'tido fr':m ba'^jteria, virus f.;'r example 
oaii bo in;.o..-rted tdi r C'ljqhc-ut t.h-; p)rot:eLn. 

Tho' h'jst animal, f'r>:- f f-.- r -if' ly the mammal, C'L^tained hy 
th-:- method ■: f the; inv-.-nt ion of producing function 
inact ivatic.-n of an end-: -gen. -us protein is also in tho 
iiO'i'po i.'f. tlie invent i c-ri , ;;'uch mammal is pref •;!rai-.l.y • -hos-.'in 
arn-:>nq d>.)mest ic 1 if -as to-ck, j-.et an ima Is as previously 
d-rscril^e.j ..u- amcrig Lahea: at cu' y animaJ_s lad:e for ex.jmpl...-, 
m.-'use, l at, rabbit , Ohi neS'B pig, hainsl.er , dwarf pig, 
m-jnkoys anrl ■others, t--! :-t o pr f erabl y , the animal is a 
iii'-'Ui--'; suitakd.e m^^us- strains .ar-; available th.at. ar:e 
oiJd)>:e: rnbred (i.e. lOJSv, '-tTBlb, Ba lt-/'v- , ..-) or oufpre-i. 
^■;u'di mrce (0.;Mjld r-:-a:.-t di f f en 1 1 ^- to th-;- oo- 
admrnrstration c. f an a^ij-nt ami ca h':d:;e r.-.'ir.cj.aus fuoteiri 
and/'jr a riU'::leic acid se'gu'-nce encajdlng said 
het.erol'iiq'aus protein ace-.- u- 'irng to theia- ':tenet.Lc 
t..a.-;k'-jr-:.un':b It t:ould bo useful t-a cp-timase the amount •"•f 
af.'"'nt. .and het^ar.? Icig'ju.s p'r^davrn ot tfi- inv-ruti-n f.o 
mc'dufitte thefi prC":luotiC'n cjf neu1u:a 1 i ::laaq antibodies f'">r 
ea'.:fi mC'Use baiidigr^'und . F. 'r '"-xampde, C5'7/f.l6 mice cly n'"'t 
tri':iaer an efficient imrriune resf'ons-r against tfie 
adcR'ivirai partiir.le but t)BA/jJ d^aes trigger an effrcierit 
resp'inse. S.uch animals v/ith a functional inact i'cat i'''n 




fihe'n'jtyp'-' , '^-'Spf:'..^i al ly such mice, <ire vc2-y us-E-ful to 
p-E'i-f -^rin bl' >l':>-'^ical , f 'hysi-jlcigi'^al , t'lC'Che-miv^a 1 , 

m':>J.e':-u La I- st ii'.l i <r-3 an^i analytic ot the f un-rt L>jri ■.>£ 3ai-:J 
h.;-te t ':) lc-;Mai3 ancj/or h'-imC' Lc:'g'".)us })r 'Dt' ■ m . 
5 It. is als'^ a gcial cif the invent i'">n tc use.' the maiania I 

C'l:'tained hy the 'ibovn ci-i-sc r iV'^.d ine-thr)d tc perf'::a:m drug 
SL-reen i ng . 

Tl'ie use ot a mamina 1 .;.!::.!:. a i n-d by the abr:.v.- descritied 
in<;-t h':-:l t c. isr.late s]:'Le-en cel. la from said iriaiim-.al that 

10 exprersse:? ant it-ody directed against said h^terc'logeus 
cari/eir --^nd'i'gerr. nis p>r'jt:ein t.o make hyhc: i dc^m.:! ( s i is -^ilso in 
tliC s^-.-.p-:- ..t th- i riv. -nt J. v-in . Alternatively, th-:.; 
br':'Lr.gi.-: il fLurd ot th- mammcii ef the invent icn can b^- 
uS'iei ti) piopare s- arum and/<:.a~ p^:! l^V':::!- ai al ant it)' tes . 

15 Tl-i'-^ t herapeut i ■;;a 1 ^^^nijr-i'sr t; i.irj comj:' r i s i nvi ^rt Least 

1:he agerh: an^i ttie Liet er el '.-ipi'US p^r- 'tein and/i:'i nuclei':: 
acid i5':.-;iuence of the invent, i.on v;ith « ph a x m..» - r -2 u t i ca 1 1 y 
acc'3p'talj Le 'i^ariviers --^ is alsi;' in the S':e:.>pe of the 
inv>;nt; '11 . Su'vLi ':':'m]: ':.si t i ';>n is adafi'te'd c3C':'.';' r^l i nci to ttie 

20 therapeut.i .:-a L ne-r-js ^jf th>- animal, p.referabLy r.f the 
human pat i ent . F»:>r exarnp- le, to t rea t a disease 'wherein 
the bi'i'l'^'piiral a<:-tivity ot a en'ic'g-nous prot-iin ( .i . e a 
tumoi'al markei, an ovei--exra •".■sse'i pa.-'jtein, ...) has tc> t'O 
inhibited or shut 'att, a ■_:'amp':'S i ti .an of tLie inven1:ion 

25 'i-an la- us-d t'^ ':)•:. n(a ra tc; neut i al i z iirj antib.adies a'aaanst 
said •■;'n'iC"jC'n'aus p.roteiri. Al t -.^ rna t i\-e 1 y , the ' :':am{:"as i t i'an 
(at the i n'.-ent i'an is highly desirat'le t'a all^^w a Long- 
last;ing expr'assi-an 'a.l' a p' i: ':'t*r in in i patient in need 'af 
such a treatm-nt ( i . e to caariect an inheritatci disease, 

a(J t'S regulate h-.-rmamal so'cretiri, to stimulate the immune 
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svst-n, etc..) . Pr-f c-rat'Ly , th- heterologous prc'tein of 
the i nv'^-nt iC'n is a S'O^r--' t -v ri p'rc'tein. 

It. is also in the i:cx-f>e of the invent. ion t=:= f -rovi'iie 
a m<;thC'd to pr ii-iiiC'? v"iC(":ine for a maminal, acj.^iinst an 
5 ht -ter v'loqou.? pj'ote i ri, s 'li-i metho-d compr i.yinq the st-'p of 
tr i':)qer in-:j in s.nid rnarmnal f 'Mrmi-jtion oi nexat. CFillzinq 
.iiit ili'-dies i:iiieot.:'d ag t Ln;-3t said hef ercd ^.qous t-'i ':'f *^?i'o 
l:)y as ilia t.he mot hoi i '>f the invention . Th--;se vacc inos in a •/ 
e;it|-ier l^e pi>jphy I a-i-f :i o (to pj .jvent i ri f ecf i .jn ) ot: 

10 t her a|:>eut i.c ( t.:' treat disease after intection). Such 
vac-ri nes cc-mpi is -as t h-? agent and thi- hetn-i:-;-.! o-goui^ 
{jf'jtein C:t tfi>:;- :i ti veu t i ^^n and/:.'r riaoleio aoid •"a"i(..-ijdi ug 
s-:ii'".l het 'i^-r cil^ tjC'US pi f<:3 1. ei n , ni':a:e- pr^id ii^ratd y th-,- 
i:-.r-..;:,;,intiin<arit aden';)-./ i i us cd. th'^- j n v^-T-n t; i':-ri , us.uilly in 

15 o. 'mljinat i'::.ri v^ith « ph a rma .;-eu t L ca 11 y a.:-i.-<v]>t ab I - 

oarrrei-s >> , wh i cVt include any ca rrier that: dc-os not 
itoelf in<luce tdie ptocJiiction ■.'[ ant il>o< i Le.s harmful r.;, 
IdiO mdivi riucil receiviuLf th-- ■■:i:ini}3':'3i t: ion . ;.;u;itai:de 
earners are t j-f-'i-i-aliy laryte, ;5lowl y met at>oli::ed 

20 ma • :: r-: nxio 1 e < :u ]. e s S!.r:h .-is pr^i-tei n.?, i >o 1 y :3ac«-;h.3 r ides , 
pc-ly lactic acids, p.:.lyqlycoli<? aeids, c-.:dymer i c amiii'-- 
cica.ds, amino a^.^icJ i:;':p';'lyniers , lipid.- aggr-;-ga t€;s {sucdi as 
cd 1 drop lots or liposomes) , and in-jct ive virus particle. 
eU'::h '.^arriers -iiiE: v;<Ed 1 kn'i'Wri X..':> th':)S'E- ot <:-,r'linaty skill 

25 in the art. Additi- -n-ally, such car riei's may f uncf. ion as 
i iTinuin'.ist irnulat inq agents alS':' c-,"jlle.i « adjuvant. s >^ ; 
P'l e 1 ouEreci adjuvant.3 tC' e^niian'i'e ef f ect i\'eness 'd: the 
cc'mp.;u.^i t ion in^:: luvie , hut are n':>t limited t':> : !] ) 
alunriniimi salts (alum), such as aluminium hyd rox\'d(;: , 

30 aluminium pliOKSphate, .nlumi.nium sulfate, etc. ; (J> cdl- 



in-wat'E:r 'r-mu 1 s icn f C'rmulat i'l-ns , .sU':_";hi as fcir examfile MF59 
;W0 9Ci/l-} 837), SAF, Pil-i'''" a.inuvant, sy-t-ETP, iRifc. L 
ImiTiuniii'i-hein, HamiltC'ri, MT "oA) ; {3) sap'^nin ."(dnuvants ; 
(4) compl-nte E'reunds adjuvant (CFA) and incomplot'S 
F r ij n d s .a d ] u v a n t (I FA ) ; ( 5 ) v' t ■ ■ > l-: i n e s s u h as 

d nter.L'rukiri'E'S (Il-l, 11-^', etc.), m.:i' TC'ph.-Kg'E- C':'l'jny 
St Lmu.Latini; tact^.r (M-':'SF), tuni..r necrosis t.ict a (TIIF) 
etc. ; ((■■ ) C'the-r sul'Stanc-es that ad as ;■• t i inula t i n^^ 
agents te -nhance the ef f e'i'tiveiiess '">f the ■::'.Tnp".:si t i'..'n . 
The y a <:"; ' j i n e s a r e ■ n v e n t 1 C' n a L 1 y a ■ "iin i. n i s t e r e d 

parenteral J.y, e. a. , by in jectiC'n, eithor sub.;ut.-tneously 
■jt: lntrairiu:-':-ula r .l.y . Additi->nal f orinu L it i> ns suit-il'le t o r 
ethei^ in^ade-s of admini s t rat i c-n iiicliide or.jl aiid i] m'^nEi r;y 
f oonulat ic'ns, siippvsit'.>rier>, an-.l t. raiif^derma I 

applicat ions . Dc'sage- treat ment aiay h-e single' dose 
.schedule or a multiple dose schedul-j. The vac/ine may 1"- 
■admin is teied in con jun-rtic-n with othor immun- -re..fiilat<'>ry 
agents. 

D'::)sai5'£- 'jf tfi*;' agerit ami ct t.he fi..'t'/rolr:)i;i' :>us pi:i.'t<:- Ln 
and/'iir nucleic aoid sequ^-ric:e <:d: the i nvent ion to h-i 
a'lininis tiered t^:) cin ■animal < r an indivLdu-;il t:r~r 
persistent >"jxpressicin •:,£ a trans - fene on.;oding at least a 
l;:d.i.)l'aqi'":a 1 ] y active p-r-jtein for animal tr ansgeriesi s cr 
human gen-z.- tiierapiy an.-;i tc. achieve; ,a sp-er-i i L-.- 
j^nd'St i vat ic'i'i ph'Lrnot yp'C is di^teirained with ireteience t- ' 
x'aii'i'US farameteis, in'::ludinq the <iiiiirial sp^ecies, tlr:/ 
coi\dLti.;n t-a be treat-oi, th-- a<ie, weiv}l':t and .-:liiiical 
statijs 'id: the individual, and the feirti :ulai^ m^'leculai' 
dete'E't requirinci the; P'rovisi'in of a bi' d 'jgica 1 1 y activ-v 
prc'tein. In a pr-ef erred e^mbc'di ment , ths- agent and tht- 




nu'":l';'io acid S''-q\ienr.e encociin'j the- hetei'Cilogc'Us p'rc:tein 
rr'i.'sponds t^^ a i.'e( ;i:>rnbi na nt -/iru;-, th-'^ '_:|en':iine of v;hicii 
■^a'lcodinq Sc3id ht^tf; 'ir- f.jua p't'^itt^in and th-;: iiiamniai is a 
mc'uso . A man ski. lied in th-;: art will know hy usinq the 
5 rneth'jd •:>f t hie xnven t I'.m h^'W tvi dett^rrrij n-;- tdir' arri'junt of 
•■tgont ari'd the amount: ->f nude Lc acid sequen- :e enc<.-ding 
s.aid het:ercd 'jcjr'Us pi!:rit:ein, iia -/f er ;il:'ly Sciid i oc^i-ivJoinant 
•tden-i'V i rus, require' \ «.-ii:hei t .:> i ndu-::e a Ic-ng-lai-ting 
ex^'-ress ic'ii of th-- heter':d C'lm-iis ^'Tiatei n , ijr to 

10 r i.ifji: t. i'j'iial 1 7 inaot. ivate an end' 'a-.-n'Mis protein, in human, 
i.ir ill -!n-:it he t rn.3inni.:il . 

Th'? d':'Sa':|e is (:)r ■-■ ie ral:>l y clirisen S'Jj th.at 
iministrnt ion c:aus(.-s a speciti>: phenc'typ.i c result, as 
Kioasurod by moLecular assays clinical markka's. For 

15 "iinj:'l-:" , det;eE;rmi Urit ic'n of t.tio fi-ersi.stence ':)f the 

ti-xf.ressi C'Ti of a transqene encodi ng said heterologous 
pf'/teiij v/hich is administered to an ani.mnl or .-in 
1 ndi vidu.-;i ] as a re -mbi riant a^JenC'V i rus L;an l^- i p-^? i^f C'rm>:":l 
]iy mcd. ':;'CuJ. :ir assays i no 1 uei i n-.f the measu t.em-aLt ':'t 

20 h>-ter.:d_.:-j.^us prcteLn mRUA, t^y, l..)r example, t].:'rthern 
td.'t, :;U E F.T-l'CF- analysis ..a: the measurement of the 
hot. er ';:dj:'-;i':iis p^rrit-:.-! n as det.'";':ted t>y Westeiai t^lct, 
imrnun'j{:; t 'isif.'r t:a t: i i^n , iiTimuni:M.:y t c.cheini s t:r y , '::ar ot he r 
t<;'-hri Iques known to those skilled in the art. B'c-r 

25 -imp 1..-: , determinat: ion o-f the tdmct iona L inact i v..tt ion <:■! 

an erid :'gen';'Us pa:<:'tein can be {_!■:: rf ■ ■rmed k-y a loh^-.T'iot yfoic- 
ana J ys i.?, fc.y an altered bit lugioal activity -r-f the 
en'lc'yen':-us protei n . 

Thfe adminrsti atis^n L>f sai':i ag-^jnt: and said 

.I-'O hie t er\") bagous pr atein and/or nuc:lerc aci':i s^^;quence■ 
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encO'Jiri'j sai'J hiet-rrcao'^'; us pr^V'tein ip performed via a 
techniqu-r; chc-sctn ainc-ng inti-avt^-n- -us iri j.:-ct i-i-n, 
iriL rav ^ig i na .]. inje^rticij, int ra r-?. -t j L i n j -i-ct i'lm , 

irit ramM:;'-:ail ir l n j t: i'L'^n , int r ad*- rrnic irrj -;-ct i'jn . 

5 P te f 'lir-itbl y , the adrniri istratii.^n a.--. perfcirmed via 
irit rav-Ti/ais in j ect ic^n , select:od aiTi':.'nq r-E!t rc.-'.M: bi t a I 
sinua i n j (;!';t i . jfi , tail in j e<:d: i'jn , }ie{.'atic iri;i':-ct icin, 
femora I c-r j U'lular .i n ie>?t ioti . Hepat in j ection i -.5 the 
most f't e t red b-ri-r-ause of the homocj^.-n- >us rJist r ibution 

10 and the fi<-eess ibility of AFC 8 in t-.he liver. Sinqle 
in ;ie'::t i .jn r-i nail t iple i. n j oct. ions at same or at 

clitf--r--nt Ilmi::! caii t'^T- p'-r t'Miiie'i in .ji- ier t'.' en.":rea3'E' 
tr.insg-rie e:-:{--res3.i -^n and/':)r --.-n ha nee the deplet ic-n and/or 
inact:iv,-3t o:.r, o t; tf i- Al^C ? OEdd^s. 

15 Ila:< 1 mum t'enetit and .E.ehi evem-rnt <--'t a s[>-jc i t i 

phene'tyjji ■:: result frcaii admin i st r-ati (.a"! v'^f the a^^erit .;-ind 
t. ho hetcrologv-us pro t-:- in and/oi nucl aci-:! sequence 

eai'Mjiiinq said heterol'j'jcus P'rotein of. the inv-nti'ai may 
requir<j- ref'-'o^tted admin i si rat L'Z'n . Where a viral ve'rtor - 

;!0 esf..ecialLy ..n adeti^vi r,i 1 - is use^i t- d.-l iver s^jme or all 
■r-f the ..:<:>mp'Ononts of tho t ransgeno 'Vxpr f:!S s i'^n v-setor, 
su'-.:h r-iqoirat O':! a(im i nist rat icn may invcdvt.v the use - f the 
same adonovira I voct'i^r , or, alternat i vely, m.-:i y involve 
t ho uso of different vectsirs which aro rotate-i in 'i-rder 

2 5 to alto t viral :"intiqen e'Xpies.-; ion and decre.zise h<:-st 
immune respjivris- . 

The i:i raer. i ..-,e .;.if tl-i-^: Ln\-.rnt i';'n erT'plc-ys, unless '^ther 
C'tiierv^i S'".' iu'lieated, c>sn'/-?ri t i'SUcJ 1 t eiciin l 'iiues ■.■r pu:C'tein 
chemistr;_,', ni(j].-=(sula r -/irsloq;/, m Lcrcibisd c-qy , r occEmLdnant 

30 DMA tecdmc l'_'qy , and pharma(soloqy, which are within the 




skill •;>f the art. Su'::h techniquf!S are explained fully in 
thie literature. (See- Ausubel et al., I'^t95, Current 
Pr.jte'C'/ls in Molecular Bi.^logy, t;d.? . , John Wiley .S Sens, 
Inc. Mew York, Peminqtc>n' s Pharmace-ut ical Sciences, ]7"^ 
•-ci.. Mack Publishing e e . , Easten, Pa., 198!), and 
Sambrc":'k et al. , 1989) . 



Unless d(-;-fined citherwise, all tecdmic.al ; 
rLiientitic te-rms us-^m:! herein have the same meaning 
IS commonly uriderstc>od t-y one the skill in the i 

: (J whl'jh this in\'ention bel'jngs. 



The figures and ^r:-:amples f.>resented tiolow are 
};'r i3vid-;-d as further guide to the pr a c t i t i c-ner ot 
':-r(dinary skill in the .^irt and are not to ije ccinstrueii 
,ns limiting the invent;i.an in anywa>'. 



EXAMPLES 



1 . MATERIALS AND METHODS 

1.1. Construction of recombinant El-deleted 
adenovirus vector 

The huTPC' cDNA was inserted in the Ecc-RV 
i/estr ict i'jn site ot the adenovirus (Ad) F:C'US sarcC'ma 
virus (FSV) B-cjalactosidase {{\qal) plasmici after 
excision e-f th-- B<;jal (jene by Sail. The huTPO cDNA under 
c.jnt:rr-:)l r,f tdie PSV viral promoter is fr)l lowed by a 




fraqm-rit of Ad5 ( rnu 9 . -1 ~ 1 7 ; Bql 1 1 -FU nd I T I ) t.i^ f-jrmit 
h':>inc'l';-:i':'Uj- r€'CC>mb ina t i for t:he 'j'^'nerat ion ot the 

r'-'C-Mnli' i nant a^ie^rci'Vi rua AiiPSVliuTPCi . The r-^^auJtinq 
plasmici was ci;'t rarisf 'z-ct ed intc^ th-;- humiin emtiry ''ni':' 2 '.> ?. 
5 lino with CI a I -diges ted Ad'5d]. DIIA using 

]j f e<:-i(;. i t at ion by •calcium p>h':'Spiha t^:- , as p' r - v i .jus 1 y 
do3<:-r il:":-d { Stradt^ rd-P- -rri'-ciudet et ai., 1990). 
A':iF;?V6(^:ia L cairying th^- nuoloai- i.ooa li zat ion sit.o 
E^^che r i chi a coli lac'.l marker gene un^iei: the cijiitrvd <jf 

10 th'? same viral pr'"irri.:'t er was us^^i as 3 C'':>ntro\ and has 
]:'\on {M-e\'iousIy d^;- soriteci ( S t radf .jr^i- P'? t: r i caude t ,.^t 
al . , l'.)'.)0 ) . Viial .stocks w^' r-;; propar-E Vyy inf e- .:t l-:.n •::< f. 
the .:9o oel L line, putitied .md ^-C'ri'Sent rat ed by .-i 
d-:.ubl>5 cesium chlo,r.i <ie gradi-";nt, d i .;(] yz-d , a L.i quo.ted, 

15 and steered m HJ. .aycer'-?! at;. -80"C. Titers cd th.j 
vit:al .st'jcks were ':letermined h^y liiuiting dilutiL'H ^i^n 
p.l a quo assays usia-.j ••• 3 '-ells an-i expa eased as PFU. The; 
tsdr.al number ot viial p)ai"tLcles was ginant i f ie':i tjy 
op*, ica 1. den si toy at 2o0 nm c-f an al.i quot the virus 

2 0 sto.jcd: diluted in viri-jn .1 ysls solution < (.» . 1 SDo, 1.0 mI-1 
Tri s-}b21, 1 mM EDTA) . 

1.2. Animal procedures 

i:iPA/2 J-speor f 1 o p-at h'x;fen- f ree m\-:o were ol>t. "lined 
25 frc^m Janvier ( 'jri eians , Fd^anoe) . All .-iniitiais wet:-^: brt'Ci 
in neaEdoi'.-e pressure isolate- is f i -r adtjiiovirus in j e-.Ttioii 
exp'O rinient: s in t:he an i_ma 1 fe-scilities 'E'f Institui: 
tiustav'Er F'C'USsy (Ville;)uif, F'lance) . Female mice (6-8 wk 
Cil'i) were injectei with r>;"":(E mtdnant aLi'^moviruses via 
50 the retroorbitai sinus. DBA/ 2 J mice were injected with 




3 to o X lo'' PFFJ of AdF:SVhuTPCi, whil-- control mice w-re 
j rijeiotocl with tl.e samo doses ('f AdRSVBgiil oi with PBS. 

1.3. TPO concentrations 

5 ;'^.:-rum TPO concerit rat ions were measured using a 

microwell assay (Giough et al., l''^eb) . Assays were 
perl ■"ifined in duplicate hiy adding 2'J() cells from the 
hnmrin c--mpl - 1 r^i n s f oct < m i Ba/F'-'' cell line (Wendijng et" 
al., l^'';'l) in a ] O-i.il vol .:,f PMEM p.lus 10% FeS tc^ 

10 oteri.;-)! twofold dilutions of \-h^-- serum. TP'j 
conc'/fit r.at ions wer-;- c/ilculated by assigning. f 1 U,-'ml to 
the e'- ncentr at: i':>n, r-;sulting :i n 50'f '^oJ I sutvival af1:er 
2 to 3 days c>f incut- at ion at 37 ' c i.n a humidified 
atrnc'spfiere of lOr C't''': in fiir. In a d-.'Se-response 

15 an.alysis using tho f ul 1 -1 -r-ngt h rhuTPO, 1 U is 
app^r < 'I'-.imatel:/ the egi.:i vale;nt -sf 100 p..;! r.f the molecule:. 

1.4. Peripheral blood hematologic measurements 

Bloc'd samples v^-s re obtaine-d f rom ether-anesthetized 
20 animals by pun'.rture e. f the retre'ijrh'i tal sinus. Afte-r 
F BC l^'Sis in Unepiett- vials {l;ec:ton I'ich.insC'n , Franklin 
Lakes, 111), platelets and white cells were counted by 
mi crc'SCi:'p>y and m l c-rohematocrit.s wei'e determined 
feille-wirig h'lood e^ent :fi f ug a t ion . 

2 5 

1.5. Analysis of clonogenic committed progenitor 
cells 

Feinc-ral marr'Dv/ {H x 10'') and spleen cells {1 x 10*') 
of ['&;A/2J mice, harveste'i at various times foi_lowinc^ 
30 inject icn cd AdF:SVhuTP';), were cultured in 1 ml of 0.8' 



^-^^^y^'^'^^^^^-os.^ in rsccve's rnediurn supplemented with 
2''V. FCS supplemented with rmuIL-3 (Inn U'ml; Jmmunex, 
:3':-aU.U., WA) ar,d rhuEpo (] U/mJ ; Cila.;,, P.ris, Fran.-eJ 
f.-. det..rmine the number of grenulocy t e-macrepha.je -FU 
5 F:Fri-Gr.]) and eiythroid burst-forming cells (BFU-F). 
M<.gakaryocyte CFU (CFU-MK) were qr.-wn rn n . auar 
suppj ..mented with rmuTPO ( 1(, ng/m.l ; ymeGenet lvs , 
Seattle, WA ) , rmuIL-3, and recembrnant. n.urine stem c.l 1 
ng/ml; InLmunex), as previously described, 
'° ^^^-"""^ ' and 5 X 10^ spleen .:eLls/!^00 

Pl -iMar medium (Wenriling et ai., 1994). For each 
determination, cuitur-.s for one non-mjected ,.nd c.i- 
AdRSVhuTP.:>-injected m.oise were periorn.ed rn dufdicat.e 
= : Cm. in air lor 5 days. 

15 

1-6. TPO-neutralizing activity in the sera of 
thrombocytopenic mice 

T- determine the anti-TPO ..ctivrty in the sera ,.f 
thiomb-cytopenrc mice, mi,::,oweII assays were performed 
'° ''^ '"'''''^-^ ■^^^■^11-^ 1-^:- human ..r murine c-m,p-l- 

transf-cted Fa/FB cell Irn.. to serial dilutions ,>f the 
serum r-reviously rncubated for I h at 37 '9: will: 9 U/nd 
(■^On p,:,/n,i) ,,f rhuTPO e.r rmuTPo, respond: ively . rhuTPd 
was added at a high concentration (9 Mo/ml) to serial 
diluMons of the serum to reve.se the neutra 1 . z.tron . 
To exclude nonspecific t..xLcrty of the mouse serum, 
Ba/F9-mpi-transfected cells were also stimulated with 
50 U/ml of rmuIL-3 added to the serral dUutb.ns of the 
"^^"^ to be tested. All dilutions w.re tested m 
3 0 duplicate. 




1.7. Detection of anti-human and anti-murine TPO 

Abs 

riinet:y-.s ix-w-i'l 1 rJunc Maxisort' plates were 'ejat-:'d 
with 1 ^Kj-ml ef huTFO (Genzyme, i ;anil:' r i'llgr- , MA) or muT['':) 
5 ( ^,ym. iGenet res, Seattle, WA) in PBG/'0.1.> BS".A ov^'rnight 
at A"'':. PB3/A'i FC3 was use';i te ble'ck nensp'ec:! f i e 
k>indi.rT:f- PIat:.fs were washed (hRS/0.1?; Tween- .;'':') , and 
s---rial :lilut.ions ef sera frc-iri AdRSVtiuTr (j- an.;i 
A-JFlGVBaa L -in j ecd. -;:d mice were incuh^ateci in th- ■;:.ja t*;-:l 

10 wvrlls for 90 rnin at 37°C. The plc^t es w^-re wash^-d fiv-- 
t im-:;.-- with PP3/0 . IV, Tween-2 0 and then incut.it e-J with 
[\} c-i cj [/"z.OOC) .lLluti':'n of } ■■f. rox Ida s • ■ -c-_ai i nga t-.:l 
q-.it, .^nt :i -nii:)n3e Igt; -i- Ig[1 ^.-r c-at ant i -ni'iar I':(M 
( . r i.:d:svn rmrnunoF est; rcdi Lah'O ra t.,.er i • 'S , W-st G:::.c--, P/-.) 

15 f.a- 1 h at 37"G. Pc-r determinati ^n of an t i - iiuf PC' At' 
irotyp'ns, the fol lowing p-e r c x i ^Ua s - .'rc-n j u d t ed At >s wet-.? 
u:-';;.l: ..loat ant i-mous€' IgG.'a, gc at ant i-moust.- I'jG.'b, and 
>j'---it anti-rri'i'use IgGl ( S laith-i en E i- ..t e'l-hiicl ogy , 

P.i rm Ln':iha[ri, hP) . All Abs w-r r:e asr-;i at a dibifoi^n ':d" 

20 1/SiJ'iO. PollowLnq washin.j, the w-'-lls were i ncuk^a t-:.-d 
witti 10 0 iJ 1 of suP'Strate f o-pheny 1 ened i amin-L— 
d 1 liy(]rio-hlor Lde; Sigma, St. Louis, [1')). The r-.i.-t i ^.n 
w,is stopped fitter ') to 10 min h^y .iddmc) 'sO< gl ot l.ih 
H.G'.Gl . Th^,- OP' v/as nieasnre.l with a sp'^^id i-opl;':)toracteM: .^rt 

25 4 :'2 nm. Wells were con s ide r-f:ci as ]: ^: s i t I wh(;n the 0L> 
was ap.fi.roximative ly twofold that of the 'OD -jk-served 
witPi 5-wr: sernm fr-jiii .an AdFLSVhga 1 - in j fe:t,-'d m'i'irse. The 
Tgij2a/IgG2b tatii-;- wa;^ ca lc;u] atfid ky ili'/iding the 
rnveise of the last pjsitio^e diluticn of 1 gG2a anti- 

30 huTPG Ab by the inverse ot tdie last p;ositove dilution 




of Ig(j2b anti-huTFO Ab . E'or ♦--ach mcuse, the first 
■Jilutic^n assay.-i^d was 1/-10; if r..;) p-js i t i vit y was found 
at this dilution, the titer was arhitr.arily ccaTsidered 
t.'. be 1/10 t'ir purposes of ca Icu I at i':.n . 

1.8. Detection of anti-viral Abs 

Mi'::-rotit'"-r plates as descrid^ed above were cijsiteij 
f.:a: IS h at id;: with lOi) pl/well ^^'f f BS oontainJrig 1 
liq/nrL of ho-', t-i naot i vated AdF:SVftqal particles trOdt-d 

ICi wid;h SDS (O.Ol^). E'lates wersE- washed (PBS/O.l^; Tween- 
2'j) , and s€ri.ai- dilutions of sera from AdPSVhuTPO- .and 
E'BS- i n ) ectP":i mice were incub.=ited jr. th^r c-ated wEd 1 s 
tor 90 min nt 27 °C. The plat>:-s wer-; washe^i fivi^i tim-^s 
with fB.S/0.1= Tweeai-20 and then m'-ubat'-d witli 100 vi 1 

15 of a L/50iJO dilui:i'-)n r:, f pe rc^x id. i s e -c-i.n i uga t ed goat 
ant i-ni;:aise 1 gG + IgM for I h t :37'dc. For der erminat i-on 
ot ant i-adenov i ral Al) isotypes, t.h- same Abs used for 
det-ETminati C'O of anti-TE'O isotyp^es were u.^ed at the 
same di lut i c^ns . 

2 0 

1.9. Histology 

Organs (spleen, f-mur, tibia, kidnc^y, livcirg .and 
lumg) of mi.c-e sacrificed at di f f er-ait t irm?s aftei- the 
injection of tdie rc'somt'inant adenovirus vectoi'S wsire 
22 fixed in B'suin's s-jlut ic:n or buffeied f . jrma 1 dehyde> .and 
embedded in p^aral fin. Thin secti..ns ( 2--2 pm) were 
3t;aineri by h>?m,at(.)xyl i n/o'DS in (HE), May-Grunwald-i:,i':ansa, 
or periodi(_: acid-2chiff (PAS) stains. L'sng term 1^- 
galac-tos i dase expressi-r^n in the' liver was analyzed in 
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histoch-mistrv in nraf f in-ernbedd-d sections using a 
"^^■'^^^^ ^'"^'^ fracMon t-> fi-galactos ul.se (ICN 
PharmaceutieaJs, Auiora, r.hu:,) at a iao^;. to l/.^00 
di lution . 



2. RESULTS 

2.1. Influence of the viral dose in the induction of 
a Long-term transgene expression or a functional 
inactivation of a homologous endogenous protein: 

Mice were mtravemcusly injected with a TD {n=7) or 
'-^^ AciPSVhuTPC in two sets r:.t separ^^r- 
e:.:p-.rin.ents. Mice were weekly follow^.d by the measure ,->f 
i^i<>>:i Pl.telets dur .n , . ^ . All mi, ,n , . t. 1 w.ih 

" ''"^ ^^'^'P-^VhuTF . h.l .nM:n .n ^i^a . .n platei.t 

counts within t h.^ fir.t tw .v ^ }s (m di in .t ^ S^52 and 
""'^^^^ 1 ^ -^-r ti. iv) f dl w.d b, a 

"■■■'"■■"'"^^ Pl.^^l^t 1...1. ,,,,,, 

w.--ek 3 (medlar, of 1,,'M., .^M, ^7Mf, r< , 3 ^ _ ^ ^ 

20 4i:t,^.7, :d5+SR at week 3 ^ 7 - - 

" " ^''^-^ , /, o , respectively). 

On the other h:.nd mice injected wwh a TD of 

A.;iF-:SVhuTPo> had as tr r hh- 1 r 

- 'is tor th..:- ID mice an in-^rease-s in 

platelet counts during the first twc weeks (median of 
'""^ ^'"^^-'1 --^^^ 1 '-'^ respectively, but 

5 inamrain this levels for the fol Lowing v;eeks (median of 
.neil.JO, 241.f±130, 301.5 + 212, 2181100, 
--"±32 at week 3 , 4 , 5 , a , 7 , s , 9 respectively). A same viral 
^'^"P'^^^''^" ^'^^^ ^^^^d f.^r the experiment with an ID at 2 
^"^^ ^ TD at pt^. Another viral 



preparation was used for the experiment with an ID at 4 
X lO'' pfu and a TD at 8 xlO^ pfu. 

No platelet variatic-n v;as c>bserved during the 
follow-up in the E'BS- or the AdRSVPgal- in j ected mice. 
The mean p)latelet count V7as 1'3 4.2±12.3 x lOVjal in the 
PBS-injected mice. 

To further uncierline the role of the titer 
determination in the indu--:-t icai of the desire phenotyp^e 
we included an experiment with an IE' at 6 x lO'' pfu m 
the results ( Figure 2) . Conversly to what previously 
descrikied m mice injected by the same route with 6 x 
10"' pfu mi'::e shC'Wed a phenotype cc^mparable to what 
ot'served with an ID of A<iF SVliuTPO . In ttiis exp-er im'-irit 
the virus stock was obtained from a diffrent preparation 
to the one giving a TD at: the same pfu concent rat i.jn . 
This result emphasize the importance for 'Tetermm i ng fc.r 
eacli viral preparation the TD and the ID fc.y a different 
way t:han the plate formincj unit assays. Cptical density 
at 260 nm wa th or without 3DS lysis is suitable for this 
determinat iC'n . 

2.2. Human and murine TPO levels m the sera of mice 
injected with the ID of" AdRSVhuTPO: 

High levels c-f human TE'Ci w£is detected by the 
bioactivity test on tiie human c-mpl-transf ected Ba/F3 
cell line during the first week, follc-wed by a ■;:lecline 
during the second and the third week after inject ic>n, 
and returned to undetectable levels after 4 week. 

Since the murine TF''j levels is p hy s i o l^igi ca 1 y 
inversly proportional to pdatelet levels, we measured 
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the biC'act i VI ty -r.-f mice; sera on the murine e-rnpl- 
tr THs f eet-rd Ba/F'^ cc:ll line when they Ijecam-;: 
thromboeyt: ■vpeni'.: . I'io murine' TPO tii'^activlty was 
measurable duiiii';) the t h romt-Dcy topen ie pei'iod. 

2.3. TPO-neutralizing activity in the sera of 
thrombocytopenic mice : 

As :;.drjwn in f iqure , in pr^ > ] i te ra t: ion £issay on :i 
iiurnan C'l murine e-mp L-t ransf ect ed Ba/F3 cell iine a 
10 serum fr^un a t hromti'T'Cy t L'pfE'U i c mouse is ak)le t'O 
neutralize up to 32, 000 t^nit of human TPO and 8ij00 unit 
ol' murine TPO. This ac'tivity is eniian^:ed v;ith time. 

2.4. Influence of the viral dose (ID or TD) in the 
1 5 induction of a humoral response against the human and 

murine TPO : 

As a d i f f er i erit i al h.inetic e^p-ressi an of p)Iati:?leL 
was :-titain(;d with ID cr TD of A-:iF:S VhuTPO we ana Lyze.;! 
anti-TP'-:! ant ibc:>i;i i es in ler-th ■3r::'Uf:-s at different t:imes. 

:;:Ci All thrombi::'cytoperii r rnic:-' obtained f-allov/in^i 

inject i^'U of an I of 7\d PSVtiuT PO ha^l a polyclonal anti- 
TEO) antit.ody response (IgGi, IqG2a, Igl'l) , while mico 
inject e.:l with a TD cd' AdPSVhuTPO had no anti-TPt' 
antibody response ( see figure 4A, 4B) . Ant i -TPO 

2 5 ant ibod i.es were cross-reactive, since hybridoma derived 
f r ij m t h r o m b o c y t: <:) p e n i c : r e c: o g n i z e c i h o t h human a n ci m u r i n e 
TPO (see figure 5A, 5B, 50) . 




2.5. Presence of a humoral response against the 
adenovirus capsid in mice injected with ID or TD of 
AdRSVhuTPO : 

A similar p-lycl':>nal ant i -adenov i rus humoral 
5 re'spons-' (I'^Gl, Ig^.^ai was okiSC'rve-d f r,! l.jwi n^j in j -e-^ t ion 
of micG withi an ID ■■)! or a TT' of AdRSVhuTPO (see fiiur'e 

2.6. Efficient blocade by anti-TPO antibodies of all 
10 the physiologic functions of the endogenous TPO 

(murine) : 

.:Un.::';' t h rombc p-:' i c - 1 i. ii plays an imp^.^rtant role in 
mycac'id -and eryhtrc-i-.i progenitors b€;sid'-> of it s m-ajor 
r-le all during the meg fi ca r yc o i 1 1 c 1 i n-a':p;: 

15 di ff.-rent iation (Ca i v. ;r-Moore et aJ . , Ah^xander e": .-j 1 . ) 
V/.;- analyzed the myeloid and erythrord c I'l^n'r.gen ic 
pr ■Etgenitv'rs in thr.:.rnJ:.C"::y t:op<m ic mice at dilferent time. 
As shown m table 1 .oil thromboj:oyt op.Bnic mio-- had a 
J -:-lu::t iO'U in my^'ol^jid and c; r ytdi ro el c l-:ar:-g-E'n i c 

20 f/r.jg-::nir r.rs both in the bone marrow fmed Ian values we re 
t7,Jotl2 and 35.71117, the- value c^bst^a-ved f.^r the oFU- 

C;M and BiFU-E clon-g.-ni':: p.rogenit ors m oontrol miot- 
jespectivel y) and th^- spleen (39.6111^ and ^3.3'h±4l of 
the value observed fcr tfie CFU-GM and BFU-E o 1 e.ni:.gen i o 

2b progenitors in cont rol mice r-i-sp-ect ively) . CF'J-MK 
ptoqenitt:-rs was aJs > assayed at week 12 and show-S'd 5 1 
and 197, <:>f contrcd values in the b^:)ne marrow ancJ spleen 
resf xrcti vely . 

In aidition iiistcdo-gio analysis ot hone marrO'W cind 
30 spleen cf tiiromt)r:oytopen i c nn.oe showed a signif leant 




' I'-M :r-T.-:Kse in me-gacaryoc^yt ic number in both t: i s.surjs . Jn 
the' marrow, meqaca ryc>c;y-t es were estimated to be liD'^. ot 
the valvies ■observed in control mice. 

5 2.7. Long-term p-galactosidase expression : 

A''JP,SVPgal v/as injected at an equivalent tc>ierigenic 
d':>se used for the AdhLiTPO experiments, i.e. 8 x 10' pfu. 
I mmu n o - hi i s t c- c h eim i s t r y r e ve a 1 e d - g a 1 a c t o s i d a s e 

e:<p)ressi r)n in some hepatocytes in two mice and in the 
10 biliar;/ duct: in anothei^ mouse at 5 months. To datc^ all. 
the studies using an adenovirus vector encoding the (3- 
ga lactosidase (Yang et ai., i994, 1 991a, 1996) showed <:i 
i::C'mplete elimination of transciuced hepatocytes after A 
to 3 weeks. 



